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PART 1. DECLARATI ON
SI TE NAME AND LOCATI ON

K- 1407-B Hol di ng Pond and K-1407-C Retention Basin (al so known as K-1407-B/ C Ponds) Qak Ri dge
K-25 Site; K-1407 Operable Unit (QU) Cak Ri dge Reservation (ORR) CGak Ridge, Tennessee

STATEMENT COF BASI S AND PURPCSE

Thi s deci si on docunent presents the selected renedial action for the K-1407-B Hol di ng Pond and
the K-1407-C Retention Basin, which are part of the K-1407 QU of the U S. Departnent of Energy
(DCE) K-25 Site in QGak Ridge, Tennessee. This action was chosen in accordance with the

Conpr ehensi ve Environnmental Response, Conpensation, and Liability Act of 1980 (CERCLA) as
anmended by the Superfund Anendnents and Reaut horization Act of 1986 (SARA) and, to the extent
practicable, with the National Q| and Hazardous Substance Contingency Plan (NCP). This

deci sion is based on the Adm nistrative Record file for this site.

The state of Tennessee and the U S. Environnental Protection Agency (EPA), after review of
rel evant docunentation, concur with the selected remedy for the K-1407-B/ C Ponds.

ASSESSMENT OF THE SI TE

Actual or threatened rel eases of hazardous substances fromthis site, if not addressed by
i npl enenting the response action selected in this Record of Decision (ROD), may present an
i mm nent and substantial endangernent to public health, welfare, or the environnent.

DESCRI PTI ON OF SELECTED REMEDY

The sel ected renmedy addresses residual contam nation in the K-1407B/C Pond soils. The
K-1407-B/ C Ponds are part of the K-1407 QU, which is in the K-25 main plant area. O her

desi gnat ed waste nmanagenent units within the K-1407 QU will be eval uated under a separate CERCLA
remedi al investigation (RI)/feasibility study (FS). In addition, the groundwater contam nation
inthe vicinity of K-1407-B/C Ponds wi Il be addressed as part of the sitew de K-25 G oundwat er
QU RI/FS.

This final source control action is intended to reduce the potential threats to hunman heal th and
the environnent posed by residual netal, radiological, and volatile organic conpound (VOO

contam nation within the K-1407-B/ C Ponds.

The nmaj or conponents of the selected renedy for the K-1407-B/ C Ponds i ncl ude:

. pl acenent of clean soil and rock fill for isolation and shi el ding,
. mai nt enance of institutional controls, and
. groundwat er nmonitoring to assess perfornmance of the action and to devel op

information for use in review ng the effectiveness of this renedy.

The principal threats to human health at the K-1407-B/C Ponds are to the hypothetical future
on-site resident for baseline conditions. These threats are posed primarily by [137]Cs via
direct exposure to ionizing radiation, [99] Tc via ingestion of homegrown produce, and

trichl oroethene (TCE) via groundwater ingestion. The alternative chosen for the K-1407-B/C
Ponds will provide a reduction in the potential threats fromcancer risks posed by [137]Cs and
[99] Tc, but will not address groundwater contam nants.



The threat of [137]Cs, [99] Tc, and other soil-bound residual contam nants will be addressed by
elimnating the exposure pathways for external exposure to ionizing radiation and ingestion of
homegr own produce routes, as well as the exposure pathways for ingestion of soil, dernal contact
with soil, and inhalation of wind-generated dust. This action will isolate the residua
cont am nants whose ri sks have been identified fromthe surface environnent, as well as those for
whi ch excess cancer risks cannot be quantified

The future K-25 Groundwater QU CERCLA RI/FS will address the potential risk posed to the
hypot hetical future on-site resident by TCE through groundwater ingestion and the potenti al
ri sks posed by ot her groundwater contam nants and groundwater pathways. Meanwhile, the

mai nt enance of institutional controls at the K-25 Site will preclude the conpl etion of
groundwat er pat hways and the associated risks to human heal th

Al t hough engineering controls will effectively deactivate all direct exposure and soil pathways
of exposure identified in the baseline risk assessment, the continued presence of residual soi
contami nation on-site represents a potential threat. The purpose of institutional controls at
the K-1407-B/C Ponds is to prevent the inadvertent exhumati on of the residual soil contam nation
buri ed under the soil cover. |If at any point in the future an unconditional release of the site
becones a possibility, DCE or its successor shall conduct a review of the remedy and current
site conditions prior to transfer of the K25 Site from DCE or its successor to another person or
entity.

STATUTCORY DETERM NATI ONS

The selected renedy is protective of human health and the environnment, conplies with federal and
state requirenents that are legally applicable or relevant and appropriate to the renedi a
action, and is cost-effective. This renedy utilizes pernmanent solutions and alternative
treatnent or resource recovery technol ogies to the maxi num extent practicable. However, because
treatnent of the principal threats of the site was not found to be practicable, this renedy does
not satisfy the statutory preference for treatnent as a principal element. Current technol ogy
does not offer neans to effectively treat residual radiological contam nation such as that found
at the K-1407-B/C Ponds site. Therefore, managenment of in situ residues is a nore appropriate
remedy at this site.

Because this remedy will result in hazardous substances renai ning on-site above heal t h- based
levels, a review will be conducted every 5 years, beginning within 5 years after commencenent of
the remedial action, to ensure that the renedy continues to provide adequate protection of human
health and the environnent, as required by CERCLA 121(c).



PART 2. DECI SI ON SUMVARY
SI TE NAME, LOCATI ON, AND DESCRI PTI ON

The Cak Ridge K-25 Site, fornmerly known as the Cak Ridge Gaseous Diffusion Plant, was built as
part of the Manhattan Project during World War Il and was the world's first |arge-scal e uranium
enrichnent facility. The K25 Site is in Roane County, approximately 20 mles west of Knoxville,
Tennessee, and 10 mles southwest of the city of Cak Ridge. The facility is accessible fromthe
northeast and southwest by U S Interstate 40 to Tennessee H ghway 58 and by Blair Road fromthe
north. It is situated in the northwest portion of the ORR at the confluence of Poplar Creek and
the dinch River (Fig. 2.1).

The K-25 Site is bordered by five counties (Anderson, Knox, Loudon, Mrgan, and Roane) that have
a conbi ned popul ati on of greater than 500,000 (1990 census). Knoxville and Cak Ri dge are the two
largest netropolitan areas within a 50-mle radius of K-25. Knoxville has a popul ation of
approxi mately 165,000, and Cak Ri dge has a popul ati on of approxi mately 27,000. Qher smaller
nmuni cipalities (and their populations) lying within the surrounding counties include dinton
(8,000), Harrinman (8,000), Rockwood (6,000), Lenoir Gty (5,500), Kingston (4,500), and Qi ver
Springs (4,000) (Energy Systens 1989).

The nearest privately owned residential properties are approxinately 1.5 mles north of the K-25
Site in the Poplar Creek/Sugar Grove Valley area. This northeast-southwest trending valley
extends for several mles in either direction fromK-25 and is primarily devoted to agricul tural
use. It is lightly to noderately populated. Simlar popul ation densities occur approxi mately 2
m | es southwest of K-25 across the dinch R ver and along H ghway 58 and in the Poplar Springs
community 2 mles south-southeast of K-25. Enployees at K-25 constitute an additional part-tine
popul ation of approximately 2,400 people. Because of the snall areal extent of the K-1407- B/C
Ponds and the relatively large distance to any | ocal residence, regional groundwater and the
qual ity of groundwater used by local residents are not considered to be affected by conditions
at the ponds. There is currently no use of groundwater at the K-1407-B/C Ponds site.

Al though access to ORR and the K-25 Site is restricted to authorized personnel, deer hunting is
permitted in sone areas of the reservation. Area recreational activities include hunting,
fishing, and pleasure boating on the nearby Watts Bar Lake/dinch River waterways. Since the
land surrounding K-25 is part of the ORR it is nostly undevel oped. However, there are
residential, industrial, recreational, and light agricultural sites in adjacent areas. Aside
fromlight agriculture, there is currently no commerci al devel opnment of natural resources in the
ar ea.

The K-1407-B/ C Ponds are in the northeast quadrant of the K-25 Site within the perineter fence
(Fig. 2.2). The pond area is relatively flat except for the | evee around the K-1407-C Pond, and
the site is readily accessible frominside the K-25 boundaries. There is no obtrusive vegetation
next to the ponds, and well-kept access ways exist. The inpoundnents are separated by about 100
ft of flat terrain and by Mtchell Branch. This naturally occurring intermttent stream also
known as the K-1700 stream flows between the K-1407-B Pond and the K-1407-C Pond and conver ges
with Poplar Creek in the northwest portion of the K-25 Site (DCE 1992a).

The K-1407-B Pond is a rectangul ar surface i npoundnent approxi mately 400 ft |ong and 150 ft

wide. It covers 1.3 acres and has a 2.5 mllion-gal storage capacity and a nmaxi mum dept h of
approximately 8 ft. The K-1407-C Pond is an el ongated i npoundnent approxi mately 720 ft |ong and
averages about 75 ft in width. It covers approximately 2.2 acres and averages about 8 ft deep.

When in use, this unit had a storage volune capacity of approxinmately 4 mllion gal (DCE 1992a).

SI TE H STORY AND ENFORCEMENT ACTI VI Tl ES



The K-25 Site was built as part of the Manhattan Project during Wrld War Il and was the world's
first large-scale uraniumenrichment facility. K25 operated in this capacity for both defense
and nucl ear energy applications fromthe tine of its conpletion in 1945 until enrichment
operations ceased in 1985. The K-1407-B/ C Ponds were built as settling and hol di ng ponds
primarily for the secondary treatnent of netal -1aden wastes generated at K-25. The wastes

consi sted of coal pile runoff water, steamplant boiler blowdown solution, steamplant fly ash,
raffinate fromequi pnent, plating/stripping process wastes, and cl eani ng/ decont am nati on and

net al - beari ng wastes generated from processes at the K-1420 netal s decontam nati on buil di ng.

The K-1407-B/ C Ponds al so recei ved purge cascade and | aboratory waste sol uti ons (Energy Systens
1989). The K-1407-B Pond, constructed in 1943, was prinarily used for settling netal hydroxide
preci pitates generated during neutralization and precipitation of netal -l aden solutions treated
in the K-1407-A Neutralization Unit. It also received discharge fromthe K-1420 Metals

Decont am nati on Building and wastes fromthe K-1501 Steam Plant. The K-1407-C Pond, constructed
in 1973, was prinarily used to store potassi um hydroxi de scrubber sludge generated at K-25. It
al so received sludge fromthe K-1407-B Pond. Wen the K-1407-B Pond reached nmaxi mum sl udge
capacity, it was dredged, and the sludge was transferred to the K-1407-C Pond (Energy Systens
1989).

The K-1407-B/ C Ponds are regul ated as Resource Conservation and Recovery Act (RCRA) interim
status units and were in operation before RCRA was inpacted by the Hazardous and Solid Waste
Anendnents (HSWA) issued by EPA in Novenber 1984. HSWA [ Sect. 3005(j)] required that hazardous
waste surface i npoundnents either conply with Sect. 3004(0)(1)(a) or be closed by Novenber 1988.
To satisfy the closure requirenent, the discharge of all wastes into the ponds ceased before the
Novenber 1988 nmandate. DCE was in the process of conplying with RCRA regul ati ons when the ORR
was placed on the CERCLA National Priorities List (NPL) in Novenber 1989.

In 1985, a sanpling and anal ysis strategy of the ponds was devel oped for the waste
characterization of the pond sludges and subsurface soils. RCRA constituents, as identified in
40 Code of Federal Regul ations (CFR) 261 Subpart C, were characterized. dosure plans for the
renmoval of sludge fromthe K-1407-B/ C Ponds were subnmitted to the regulators in May 1988. Sl udge
removal fromthe K-1407-C Pond began in February 1987 and was conpleted in Cctober 1988. Sl udge
removal fromthe K-1407-B Pond began i n Novenber 1988 and was conpl eted in August 1989.

Sanmpling to evaluate the effectiveness of sludge renoval procedures was subsequently perforned
and confirnmed the renoval of RCRA constituents and the presence of residual radionuclide

contam nation in the pond soils (DCE 1992a).

Because source, special nuclear, and by-product nmaterials asdefined by the Atom ¢ Energy Act are
not regul ated under RCRA and because the ORR had been placed on the NPL, RCRA closure activities
were halted until a strategy could be devel oped to integrate CERCLA/ RCRA requirenents. Pursuant
to a tentative agreenent anong DOE, the Tennessee Departnent of Environnent and Conservation
(TDECQ), and EPA (Region IV), the tenporary delay in the closure of the surface inmpoundnents was
resol ved by declaring that the sites would satisfy RCRA clean closure criteria and that the
CERCLA process woul d address radiol ogi cal contam nants at the ponds (DCE 1992b). Certification
of clean closure will be conpleted before renedial activities are inplenented at the site.

H GHLI GHTS OF COVWUNI TY PARTI CI PATI ON

The Proposed Plan for the K-25 K-1407-B/ C Ponds (DCE 1992c) was released to the public in
February 1993 by inclusion in the Admi nistrative Record file naintained at the DOE I nformation
Resource Center (IRC) at 106 Broadway, OGak R dge, Tennessee. The Notice of Availability of the
Proposed Pl an was published in the Cak Ridger on February 2, 1993; in the Knoxville News
Sentinel on January 31, 1993; and in the Roane County News on February 2, 1993.



A public comment period was held from February 3 through March 4, 1993. No public neeting was
schedul ed, but an opportunity for a neeting was offered in the Notice of Availability of the
Proposed Pl an for K-1407-B/ C Ponds.

Responses to coments received during the public comrent period would nornally be included in

t he Responsi veness Summary (Part 3 of this ROD); however, no public comments were received.

Thi s deci sion docunent presents the selected renedial action for the K-25 K-1407-B/ C Ponds
chosen in accordance with CERCLA as anended by the SARA and, to the extent practicable, the NCP.
The remedi al action decision for this site is based on the Admi nistrative Record.

SCOPE AND ROLE OF THE SI TE

The selected alternative presented in this ROD represents the final renedial action for the
K-1407-B/ C Ponds only. Source control actions addressing the renediati on of other designated
wast e managenent units within the K-1407 QU will be eval uated under a separate, future CERCLA
RI/FS(s). Goundwater contamination in the vicinity of the ponds will be addressed as part of
the sitewi de K-25 Groundwater QU RI/FS (Energy Systens 1990). These renedial actions are
intended to neet DOE' s goal of reducing current threats to hunman health and the environnent.
The sel ected remedy for the K-1407-B/ C Ponds is consistent with planned future renedi al
activities at the K-1407 QU and the K-25 Site. Data generated under post-renedi ation
groundwat er nonitoring to assess the performance of the renmedial action at the K-1407-B%%1C
Ponds nmay al so be used in the future K-1407 QU and K-25 G oundwater QU investigations.

The final action for the K-1407-B/C Ponds is intended to reduce the potential threats to human
heal th and the environnment posed by residual netal, radiological, and VOC contamnination within
the pond soils. The principal threats to human health at the site are to the hypotheti cal
future on-site resident for baseline conditions. These threats are posed prinarily by [137]Cs
via direct exposure to ionizing radiation, [99]Tc, via ingestion of homegrown produce, and TCE
via groundwat er ingestion. The renedial alternative chosen for the K-1407-B/ C Ponds wil |
provide a reduction in the potential threats from cancer risks posed by [137]Cs and [99] Tc but
wi Il not address groundwater contam nants.

The threat of [137]Cs, [99] Tc, and other soil-bound residual contam nants will be addressed by
elimnating the exposure pathways for the external exposure to ionizing radiation and ingestion
of honegrown produce routes; ingestion of soil, dermal contact with soil, and inhalation of

wi nd- gener at ed dust pathways will also be elimnated. This action will isolate the surface
environnent fromthe residual contam nants for which risks have been identified and those for
whi ch excess cancer risks cannot be quantified.

The future K-25 Groundwater QU CERCLA RI/FS will address the potential risk posed by TCE through
groundwat er ingestion, as well as the potential risks posed by other groundwater contam nants
and groundwat er pat hways. Meanwhil e, the maintenance of institutional controls at the K-25 Site
will preclude the conpletion of groundwater pathways and the associated risks to human health at
t he K-1407-B/ C Ponds.

SI TE CHARACTERI STI CS

As settling and hol di ng ponds for secondary treatnent of netal -1aden wastes generated at K- 25,
the K-1407-B/ C Ponds received wastes consisting of coal pile runoff water, steam plant boiler

bl ondown sol ution, steamplant fly ash, raffinate fromequi prent, plating/stripping process

wast es, cl eani ng/ decont am nation and netal - beari ng wastes generated from processes at the K-1420
netal s decontam nation building, and purge cascade and | aboratory waste sol utions.



The K-1407-B/C Ponds are in the northeast quadrant of the K-25 Site, within the perineter fence
(Fig. 2.2). The inpoundnents are separated by about 100 ft of flat terrain and by Mtchel
Branch. This naturally occurring intermttent stream also known as the K-1700 stream flows
between the K- 1407-B Pond and the K-1407-C Pond and converges with Poplar Creek in the
northwest portion of the K-25 Site. Mtchell Branch is the receiving streamfor both surface
and groundwat er di scharge for the northeastern portion of K-25 and represents the nain surface
water feature in the K-1407-B/C Pond area. Small portions of the ponds site, including the
south, west, and northeast sides, lie within the 100-year flood zone, including the K-1407-B
Pond area. A field survey was conducted at the K-1407-B/C Ponds site to determ ne the presence
of wetlands. Based on this survey, neither pond neets the criteria for wetlandsas defined in the
Corps of Engi neers Wetl ands Delineation Manual (U S. Arny 1987).

Soi | Cont am nation

To conply with the original RCRA closure plans for the units, sludge renoval fromthe K-1407-B/ C
Ponds began in 1987 and was conpleted in 1989. In an effort to denonstrate that al

RCRA-r egul at ed contam nants had been renoved, soil verification sanpling was perforned. After
all visible traces of sludge were renoved, soil sanples were collected fromthe bottom of each
pond. These sanples were anal yzed for netals, VOCs, and radi onuclides known or suspected to be
present at the site.

Anal yses indicated that no netals were present above Extraction Procedure toxicity present;
techneti um and uraniumwere found to have the hi ghest concentrations. Because radionuclide
contami nation was detected in the K-1407-B/ C Ponds, a CERCLA sanpling event was conducted to
gather additional data during 1989 (K-1407-C Pond) and 1990 (K-1407-B Pond). An RI/FS was
conducted for the site based on this and other pre-existing soil data and on groundwater data
previously collected fromnonitoring at the ponds (DCE 1992a).

Soi|l sanples were collected to a total depth of 18 in. and anal yzed at 6-in. increnents (0 to 6
in., 6 to12 in., and 12 to 18 in.) for gross al pha and beta activity, radionuclides, and
netals. Because VOCs were detected in previous sanpling events and i n groundwater sanples from
nmonitoring wells, analyses for organic compounds were al so conducted for K-1407-B Pond soi

sanpl es.

Anal yses of soil sanples collected during the 1989/1990 sanpling event indicate that

radi onucl i de contam nation exists in both K-1407-B/ C Ponds. Muiltiple sanpling points reveal ed
el evated al pha and beta activities. Residual netal contam nation was al so further defined for
both ponds, along with additional assessment of organic contamination for the K-1407-B Pond.
Al t hough no organic constituents were found at significantly elevated | evels, the VOCs

1,1, 1-trichl oroethane; 1, 2-dichloroethene; 1,1-dichloroethane; chloroform tetrachl oroethene;
and TCE were detected in the K-1407-B Pond soi l

The radi onuclide contam nants detected in the K-1407-B/ C Pond soils were [241] Am [137]GCs,

[60] Co, [244]1Cm [154] Eu, [155]Eu, [237]]Np, [238]Pu, [239]Pu, [40]K, [99]Tc, [288] Th, [230] Th
[232] Th, [234]U, [235]U, [238]U, and Sr (total). However, sone of these radionuclides were
detected at negligible concentrations, and [40]K is a naturally occurring radi onuclide. The
radi onucl i des with the highest average al pha activity are [238]U and [234]U; the predom nant
beta-emtting radionuclide is [99]Tc. The half-lives (the amount of tine required for a given
radi oactive species to decrease to half its initial value due to radi oactive decay) for the
primary radiol ogi cal contam nants of concern at the site range from 30 years for [137]Cs to 4.5
billion years for [238]U.



The soil depth interval with the highest average activity for all radionuclides was the 0-to
6-in. interval. Since soil sanples have not been collected below the 18-in. zone, conplete
characterization of radionuclides below this depth is not possible. However, a general
reduction of radionuclide concentrations occurs with depth. This trend of decreasing
concentrations with depth, along with other factors at the site, indicates that significant
vertical or lateral migration of contaminants fromthe pond soils is unlikely. This inference
is supported by conputer nodeling conducted during the RI/FS to assess the potential for

m gration of these constituents fromthe pond soils.

Metal s detected during sanmpling activities within the ponds considered potential contam nants of
concern (CQOCs) include As, Ba, Be, B, &d, O, Co, Pb, M, Hg, Mo, N, Ag, Sr, V, and Zn. Since
background sanples are not available for the K-1407-B/C Pond site, it is difficult to elimnate
detected nmetal s by screening evaluation. Because berylliumconcentrations in the K-1407-B/C
Pond soils are above guidance | evels, these concentrati ons were conpared to background
concentrations fromsites with soils representative of those found at the K-1407-B/C Ponds in
the vicinity of the ORR (DCE 1992a).

The statistical analysis of these sanpling results indicate that the concentrations of beryllium
in the K-1407-B/ C Pond soils are conparable to the background sanples to which they were
conpared. Therefore, the concentrations of berylliumin the ponds are attributable to nornal
background | evel s and not to pond operations. Based on conparison of total concentrations of
RCRA-regul ated nmetals and organics in the K-1407-B/ C Pond soils to RCRA guidance |evels and on
the statistical analysis that shows berylliumconcentrations in the pond soils to be consistent
wi th background concentrations at ORR, it has been denonstrated that RCRA-regul ated netals are
not present in the pond soils above regulatory criteria as a result of pond operations.
Accordingly, EPA and TDEC tentatively agreed at the June 16, 1992, Wrking G oup Meeting held
anong EPA Region |1V, TDEC, and DCE at the TDEC Oversight office in Qak Ri dge, Tennessee, that
the requirenents have been satisfied for RCRA clean closure at the K-1407-B/ C Ponds (DCE 1992b).

The potential for mgration of netal contam nants fromthe pond soils below the 18-in. depth was
assessed by conputer nodeling. Conputer nodeling indicates mninal mgration of netal

contam nants fromthe K-1407-B/ C Pond soils. These results, conbined with the general decrease
of metals concentrations with depth, indicate a lack of significant vertical and |ateral
mgration of netals contam nants fromthe pond soils (1992a).

Since results from previ ous sanpling events indicated that the K1407-C Pond i s not contam nated
wi th organi c conpounds, anal yses for organic constituents were conducted only for the K-1407-B
Pond soil sanples during the 1989/1990 sanpling event. No guidance |evels were exceeded for any
of the RCRA regulated VOCs in the pond soils.

Al'l radionuclides detected in the pond soils were included for consideration in the baseline

ri sk assessnment. Metals detected at elevated | evels during sanpling activities were included in
the RI/FS baseline risk assessnent wi thout regard to the possible influence of background
concentrations. Because of the |ack of background data for site contam nants, sone naturally
occurring netals were included in the risk evaluation. Likew se, although the K1407-B Pond is
not considered to be the source of organic contam nation found in the groundwater at the site,
sone organi ¢ conpounds were evaluated in the baseline risk assessnment based on their presence in
the soils.

It is estimated that there are approximately 21,000 yd[ 3] of sub-grade soils with residual
contami nation at the bottom of the ponds.

G oundwat er Cont am nati on



Al t hough groundwat er renedi ation is beyond the scope of the renedial action proposed by this
ROD, an eval uati on of groundwater contam nation at the ponds site was conducted during the RI/FS
for the K-1407-B/ C Ponds. The purpose of this evaluation was to determne the extent to which
contami nants frompond soils nmay have migrated into groundwater in the past and the future
potential for such cross-contam nation. An understanding of the potential for

cross-contam nation fromthe soil to groundwater is necessary to choose a renedial alternative
consistent with the long-termrenedial goals for the K-1407 QU. Furthernore, this information
is necessary to choose an alternative for the K-1407-B/ C Pond soils that is consistent with
future groundwater renediation at the site.

Radi ocheni cal contami nation of groundwater in the vicinity of the K-1407-B/ C Ponds is evi denced
by el evated neasurenents of al pha and beta activity in area nonitoring wells. However, only one
downgradi ent nonitoring well at the site has been consistently contam nated. This nonitoring
wel |, |ocated downgradi ent of the K-1407-B Pond, has shown el evated beta activity for all
sanpling events. Radi ol ogi cal contam nation of groundwater at the site is concentrated to the
north and east of the K-1407-B Pond.

Based on data fromnonitoring wells to the west of the K-1407-B/ C Ponds, al pha activity detected
in monitoring wells downgradi ent fromthe ponds nmay be prinarily attributable to upgradi ent
sources. However, the elevated | evels of beta activity downgradi ent of the K-1407-B Pond are
probably due in part to beta-emtting radionuclides (primarily [99] Tc) that have migrated from
t he K-1407-B Pond.

H storical operations at the K-1407-B/C Ponds and the presence of radionuclides identified in
the K-1407-B/ C Pond soils indicate al pha and beta emtters that mght potentially be found in
the groundwater. Al pha emtters potentially present in area groundwater include [234]U, [235]U,
[238] U, [228]Th, [230]Th, [232]Th, [238]Pu, [239]Pu, [241] Am and [237] Np. Potential beta
emtters are [99]Tc, [90]Sr, [137]Cs, [40]K, [154] Eu, [234] Th, and [234]Pa. The predomn nance of
[234]U, [238]U, and [230]Th in K-1407-B/ C Pond soils indicate that one or all of these three
radi onucl i des could be the al pha enmitters detected in the groundwater. Because it is the beta
emtter with the highest level of activity in the pond soils and it is nuch nore nobile than the
other beta-emtting radionuclides in the soil, [99] Tc was believed to be the source of elevated
beta activity detected in downgradient nonitoring wells at the K-1407-B Pond. |sotope-specific
groundwat er data for [99]Tc for first quarter 1992 confirmed that this radionuclide is present
in the groundwater at a sufficient concentration to account for all beta activity detected in
site nonitoring wells (DCE 1992a).

Subsequent to renoval of the sludge fromthe K-1407-B Pond, beta activity has decreased in
downgradi ent nonitoring wells; results of groundwater sanpling show steadily decreasing |evels
of beta activity. Renoval of the sludge fromthe K-1407-B Pond resulted in renoval of the
primary source of [99] Tc that could be | eached and cause cross-contam nation of the groundwater.
Accordingly, beta activity in downgradient wells should continue to decrease commensurate with
contami nation presently migrating fromthe pond soils or other upgradi ent sources (DOE 1992a).

Assessnment of the migration of pond contaminants to soils and groundwater beneath and

downgr adi ent of the K-1407-B/ C Ponds shows that, although a few netals have sporadically
exceeded maxi mum contam nant |evels (MCLs) in groundwater nonitoring wells at the site, none
have done so consistently. For those netals with established National Primary Drinking Water
Standards (NPDWS), only cadm um exceeded NPDW5 in one nonitoring well downgradi ent of the
K-1407-B/ C Ponds for a single sanpling event. No nonitoring wells have exceeded regul atory
limts in filtered sanples for As, Ba, O, Hg, Se, or Ag for any sanpling event. Conputer
nodel i ng simulation of netal contaminant migration is conpatible with site data, indicating that
none of the nmetals exhibit a significant tendency to migrate into the groundwater from pond
soils (DCE 1992a).



For netals with National Secondary Drinking Water Standards (NSDWS), nanganese and iron have
exceeded gui dance levels for nost of the nmonitoring wells at the ponds for several sanpling
events. Manganese has exceeded NSDW5 |imts for all nonitoring wells for at |east one sanpling
event. Iron has exceeded NSDWS |imts for nost nonitoring wells. However, iron and nanganese
are present at elevated levels in nonitoring wells upgradi ent of the K-1407-B/ C Ponds and are
present at naturally elevated levels in area soils and groundwater. The high concentrations of
these metals are considered to reflect natural groundwater conditions at the site rather than
m gration of contam nants fromthe K-1407-B/ C Ponds (DCE 1992a).

Organic constituents, prinmarily VOCs, have been detected in both unconsolidated and bedrock
nmonitoring well throughout the K-1407-B Pond area. TCE is the predom nant VOC in the K-1407-B/C
Pond groundwat er; al so abundant is trans-1, 2-dichl oroethene. However, a fal se-positive
assessnent, initiated in 1987 and approved by the TDEC in March 1989, concluded that the K1407-B
Pond was not the source of hal ogenated organics present in the groundwater (Haynore 1988). This
conclusion is supported by anal yses show ng | ow VOC cont am nant concentrations in the K-1407-B
Pond sl udge and soil, the proximty of K-1407-B Pond to nunmerous Solid Waste Managenent Units
(SWMJs), and hydrogeol ogic conditions at the site (Geraghty & MIler, 1989a). Infiltration of
groundwat er contam nated with VOCs nay al so occur by upgradient flow fromthe bedrock zone
(Forstrom 1990). For the nobst part, groundwater in the vicinity of the K-1407-C Pond has not
been found to be contam nated with VCOCs.

Al t hough gui dance val ues for alpha activity are exceeded in sonme of the K-1407-B/ C Pond
nmonitoring wells, activity has not been detected at |evels considered to pose a risk to human
health. Therefore, al pha-emtting radionuclides are not considered to be COCs in groundwater at
the site. O the beta emtters present in the groundwater, [99]Tc is believed to be the

predom nant contributor to beta activity.

Hydr ogeol ogy characteristics and groundwat er pat hways of mgration

Anal ysis of the hydraulic relationship between groundwater in the bedrock zone and the

unconsol i dated zone at the K-1407-B Pond reveal s that hydraulic heads can be greater in bedrock
than in the unconsolidated zone (Forstrom 1990). The hi gher piezonetric levels in the bedrock
zone indicate confined or sem -confined flow conditions within the bedrock and the potential for
upward groundwater flow fromthe bedrock to the unconsolidated zone. This condition is
inportant to migration of contam nation at the K-1407-B Pond. Upward flow can retard the
downward migration of dissolved contam nants fromthe unconsolidated zone to the bedrock zone.
Conversely, contam nants could be introduced fromthe bedrock zone into the unconsolidated zone,
as indicated for organic contam nants at the site.

Wat er has been continually present in the K-1407-B Pond since di scharge operations ceased prior
to 1988. Conparison of the surveyed ground el evation at the bottom of K-1407-B Pond with
seasonal water table elevations recorded for nonitoring wells in the vicinity of the pond shows
that the bottomof the K-1407-B Pond is several feet bel ow the groundwater table, indicating
that groundwater in the unconsolidated zone is discharging directly into the surface

i mpoundnent. Conversely, the K-1407-C Pond is situated several feet above the water table.

Because the residual contami nation in the K-1407-B/ C Ponds coul d be subject to | eaching by
infiltration of neteoric waters and because the K-1407B Pond's bottomis further affected by
groundwat er flow through the unit, groundwater transport of contamnation is considered a
potential pathway of migration at the site. Differing hydrogeol ogical conditions at the
K-1407- B and K1407-C Ponds represent different inplications for contam nant transport fromthe
ponds. Analysis of the migration of contam nation at the K-1407-B Pond is conplicated by the
exi stence of contam nant sources upgradi ent of the unit and by upward groundwater flow fromthe
bedrock zone into the unconsolidated zone.



The nobility of radionuclides and nmetals in groundwater within the K-1407-B/C Pond soils is
related to the properties of the individual constituents and to the properties of the soils in
whi ch they are found. Since the pH of groundwater in K-1407-B nonitoring wells is neutral to
only slightly acidic, the solubilities of the radionuclides and netals are generally expected to
be nmoderate. Soil and groundwater characteristics at the site are not expected to pronote

m gration of nost constituents

Techneti um 99 represents an exception to this general trend. Wile cationic substances are
strongly adsorbed by the clays typically found in area soils, the ability of [99]Tc to form
conpl exes and behave in an anionic nature allows it to migrate relatively freely. The high
potential for the mgration of [99]Tc is indicated by the elevated |l evels detected in

noni toring wells downgradi ent of the K-1407-B Pond.

Soi | pathways of migration for baseline conditions

The soil pathway for contami nant migration at the K-1407-B/C Ponds site is closely associated
with the groundwat er pathway. The clay residuumfound at the site typically has a | ow hydraulic
conductivity and a relatively high capacity for adsorption of cations and filtering of
particulates (Lee, et al., 1988; Baes, et al., 1984). These characteristics indicate that the
mgjority of the radionuclides and netals present at the units would tend to be bound in the

soi l.

Since the probable node of migration of these constituents is |eaching by infiltration of
surface water, novenment is expected to be mininal. Wth the exception of [99] Tc, which is highly
nmobile in the soil colum, the mgration of nost of the metals and radionuclides is likely to be
mninmal. Surface runoff is possible for the K-1407-B/C Ponds site but is expected to be
attenuated by site conditions. Because surface water runoff at the ponds is limted, the

associ ated transport of soil is also limted. Furthernore, vegetation at the site inhibits soi
runof f during stormevents. Thus, the physicochem cal properties of the COCs and of the
surroundi ng soil suggests that overall transport of contaminants fromthe soil will be |ow

Surface water pathways of migration for baseline conditions

Anal yses of sediment sanples fromMtchell Branch have shown it to be contami nated with nmetals
radi onucl i des, and organi ¢ conpounds indicating historical discharge of contam nants into the
stream (Ashwood 1986). Since K-25 enconpasses many sites of contam nant discharge, it is not
possible to determ ne the extent to which historical discharges fromthe K-1407-B/ C Ponds may
have contributed to the contami nation of Mtchell Branch. Current site conditions and
operations preclude significant erosion of contam nated soils or direct discharge fromthe ponds
into Mtchell Branch.

Anal ysis of soil and groundwater data indicates that COCs would not migrate to Mtchell Branch
fromthe pond soils. Although it cannot be conpletely elimnated as a possi bl e pathway of
mgration, groundwater fromthese units is not likely to be a neasurable contributor to surface
wat er contam nati on because of the | ow concentrations of contam nants in the groundwater
mgrating fromthe units. Therefore, based on current site conditions and operations, the
contam nants found in the K-1407-B/ C Pond soils do not represent a significant potential for
contam nation of surface waters (i.e., Mtchell Branch) at the site.

Air pathways of mgration for baseline conditions



Suspensi on of contam nated soil as airborne fugitive dust is considered a potential mgration
and exposure pathway for al pha- and beta-emtting radionuclides and toxic netals. The potentia
volatilization of organics fromthe soil surface is not considered a nmajor pathway of migration
since only | ow concentrations of organic contam nants were directed in K-1407-B Pond soil

Current conditions at the K-1407-B/ C Ponds are not conducive to the airborne mgration of

contam nation. Site conditions, such as the presence of standing water in the K-1407-B Pond and
vegetation at both units, would serve to inhibit the formation of significant anounts of

wi nd- gener at ed dust. However, these conditions are relatively epheneral and | argely dependent on
level s of precipitation. Extended drought conditions could drastically alter site conditions
Therefore, generation of airborne constituents found at the pond sites should be considered a
potential mgration pathway for contam nation fromthe site. Contam nant concentrations in air
and associated risks to human health in the baseline risk assessnent were based on fate and
transport nodeling.

Bi ota pathways of migration for baseline conditions

The ingestion and transportati on of contaminated plants to off-site areas by herbivores
represents a potential migration route for site-related contam nants. Since vegetation is the
basi c foundation of the terrestrial food chain, accurulation of site-related contam nants in

pl ants can transport contam nants throughout the system Plants growing in contam nated soils
can accunul ate radi onuclide, netal, and organic contaminants. This would lead to the ingestion
and assimlation of contam nated nedia by snall herbivores and subsequent transport of these
contam nants off-site. Simlarly, aquatic biota in Mtchell Branch could accunul ate
contaminants directly fromthe water or by ingesting contam nated prey.

Due to the |l ow concentrati ons of organic contam nants detected in the K-1407-B Pond's soils
air-to-leaf transfer is not expected to be a nmjor pathway of vegetative contam nation

I ngestion of contam nated vegetati on by herbivores or other links in the food chain is
consi dered negligible

Exposure routes for baseline conditions

Current exposure routes to the general public are limted by institutional controls. Al though
operations at the K-1407-B/ C Ponds have ceased, it is conceivable that an on-site worker could
go onto these sites. There is also a potential that enployees in the K-25 vicinity could be
exposed to w nd-generated dust contam nation fromthe ponds. In addition, travelers on a public
road outside the facility boundary could al so be exposed to w nd-generated dust. |If
institutional controls were renoved fromthe K-25 Site in the future, human receptors entering
the site could be adversely affected by existing contam nation. The greatest potential risk
woul d exi st for the onsite resident.

Potenti al exposure pathways for both the general plant enployee and the on-site worker are
ingestion of, dermal contact with, and inhalation of wind- generated dust. The general plant
enpl oyee is additionally considered to be exposed to radiation in dust; the on-site worker is
additional ly considered to be exposed to ionizing radiation

Assumi ng that contam nant concentrations in the soil remain constant, the potential pathways
affecting the on-site resident include ingestion of and dermal contact with contam nated soil
external exposure to ionizing radiation, and inhalation of w nd-generated dust. Because
groundwater in the vicinity of K-25 is sufficient to support household activities, it is also
assuned that the on-site resident could be exposed to contam nants in groundwater via ingestion
dermal contact during bathing, and inhalation of volatiles during bathing. It is also assuned
that the on-site resident could consune contam nated honegrown veget abl es.



Site conditions affecting renmedial action

The K-1407-B/ C Ponds are readily accessible frominside the K-25 Site area and anenable to
remedi al construction activities at the site. The enplacenent of rock fill to a | evel above the
normal water table should elimnate any conplications that standing water in the K-1407-B Pond
m ght be present. However, if water in the pond does not equilibrate quickly enough with the
water table to allow continued construction activity, water will be punped fromthe pond to the
K-25 Central Neutralization Facility (CNF) and processed

SUWARY OF SI TE RI SKS
Human heal th ri sks

As part of the CERCLA RI/FS process, a human health risk assessnent was perforned for the

K- 1407- B/ C Ponds followi ng the R sk Assessnment Qui dance for Superfund (EPA 1989a) and the
Super f und Exposure Assessnent Manual (EPA 1988a). The conpl ete baseline risk assessnent is
contained in Sect. 5 of the Renedial Investigation/Feasibility Study (RI/FS) for the K-1407-B/C
Ponds K25 Site, QGak Ri dge, Tennessee, DOE/ OR-1012&D3 (DCE 1992a). Risks from contam nation
exposure fromthe K-1407-B and K-1407-C Ponds were eval uated separately; however, because of the
physical simlarity and proximty of the sites, the evaluations used sinilar assunptions.

Dat a eval uation

Sanpl ing data were obtained as part of earlier studies to characterize the nature and extent of
contami nation present in the various nedia at the K-1407-B/ C Ponds. EPA-certified |aboratory
nmet hods were followed during the analysis of soil sanples fromthe ponds. Although the data
were not initially independently validated, |aboratory personnel conducted a data review before
the risk assessor received the data. Additionally, the risk assessment personnel scrutinized
the data before using themin the risk assessnent. A representative portion of the data was
validated at a later date to confirmthe useful ness of the data for use in the baseline risk
assessnent. Based on this evaluation, not all |aboratory data were appropriate for use in a
quantitative manner. Instead, sone of the data were incorporated into a qualitative assessnent
or elimnated fromthe assessnent process altogether. Validation of data for usein the risk
assessnent was conducted in accordance with the procedures outlined in the R sk Assessnent

Qui dance for Superfund, Volume |: Human Health Eval uation Manual (EPA 1989b) and the Renedi a
Facility Investigation Quidance Volune | (EPA 1989c).

Cont am nants of concern

As a result of the data evaluation process, a list of potential COCs in soil was devel oped,

whi ch was then divided into those contam nants to be quantitatively evaluated and those to be
qualitatively evaluated in the baseline risk assessment. The concentrations for COCs eval uated
quantitatively for the K-1407-B and K-1407-C pond soils are shown in Tables 2.1 and 2.2
respectively. The concentrations for COCs evaluated qualitatively are shown in Table 2.3. The
ri sk fromexposure to sone contam nants detected in the pond soils cannot be quantified because
no current EPA-approved slope factor (SF) or reference dose (RfD) is avail able; these

contami nants were eval uated qualitatively.

The potential for mgration of soil contami nants to groundwater at the ponds site nmade the

eval uation of risks posed by exposure to groundwater pathways necessary. By considering
groundwat er contam nation in the risk assessnent, the risk contribution of soil contam nation to
t he groundwat er pathway was eval uat ed



Radi oi sotopes are present in the soils of both ponds, and a potential exists for mgration to
groundwater. The risk associated with exposure to beta activity in K-1407-B Pond's groundwat er
was determined quantitatively by assuming that the source of all beta activity is [99]Tc, a
nobi |l e beta-enitting radioi sotope that has been found in K-1407-B Pond soil. The conplete Iist
of COCs for groundwater and their concentrations is found in Table 2.4.

Exposur e assessnent

The original primary contam nation source in the K-1407-B/ C Ponds was sludge. Prior to sludge
renmoval in 1988, contam nation had apparently transferred to the underlying soil; consequently,
the soil is now a potential contam nation source. Currently, the contam nated clay soil of the
ponds is exposed to atnospheric conditions, and some vegetati on exists to prevent erosion

Al though precipitation is occasionally retained in K-1407-C Pond, the bottomof the pond is
usual |y dry. The K-1407-B Pond typically contains water because it is below the |ocal water
table. But because the K-1407-B Pond coul d beconme dry during periods of drought and woul d then
represent a potential for wi ndgenerated dust, the pond was assuned to be dry for purpose of the
ri sk assessnent. This assunption likely resulted in an overestination of actual risks from

wi nd- gener at ed dust.

Figure 2.3 illustrates the site conceptual nodel that represents baseline exposure pathways
related to contamination at the ponds, including potentially exposed popul ati ons, exposure
scenarios, transport nedia, and routes of exposure. Since the K-1407-B/C Ponds are within the
perineter security fence, no recreational activity occurs there (i.e., no boating, sw nm ng
fishing). The ponds are not fenced within the nain plant area, but are posted; access by plant
enpl oyees and visitors is restricted. Al though operations at the ponds have been curtailed, it
is assuned that on-site workers will be exposed to risks while conducting occasional site
inspections. Potential also exists for general K-25 Site enpl oyees at sone di stance fromthe
ponds to be exposed to airborne contam nants originating fromthe pond soils. Al though no
residents live along Blair Road in proximty to the K-1407-B/ C Ponds, this public road is just
outside the K-25 Site boundary approxi mately 700 ft fromthe ponds. Travelers on the road may
potentially be exposed to wind-transported particulate contam nation fromthe ponds. 1In
summary, the receptors who under current conditions nay be exposed to K-1407-B/ C Ponds

contami nation are an on-site worker, a general plant enployee working in other areas of the K-25
Site, and an individual traveling on Blair Road

If institutional controls were renoved fromthe K-25 Site, future receptors could be adversely
affected by existing contam nation. Because residential land use is nost often associated with
the greatest exposures, future exposure was evaluated within the context of a residential
scenario. The environnental nedia responsible for transport and the potential exposure pathways
considered in the residential scenario are shown in the future land use site conceptual nodel in
Fig. 2.4. Environnental concentrations were assunmed to be constant for the baseline risk
assessnent (i.e., concentrations were not reduced by | oss due to renoval processes such as

vol atilization, |eaching, and biodegradation). Thus, exposure concentrations were based on 100%
of the neasured or estinmated concentrations in air, soil, and groundwater

The on-site resident scenario assunmes that the K-1407-B Pond is dewatered, and all activities
related with residency take place in the soils at the bottomof the pond. Therefore, the
surface water pathway for the K-1407-B Pond was not considered in the baseline risk assessnent.
Because the groundwater in the vicinity of the K-1407-B/C Ponds is sufficient to support
househol d activities, it was assuned that on-site residents woul d use groundwater for domestic
pur poses.

Because all soil exposure pathways considered in the risk assessnent involve exposure to surface
soil only, the representative soil concentrations for netals and radi onucli des were determ ned



fromsanples taken at a depth of 0 to 6 in. Furthernore, soil concentrations for nost netals and
radi onuclides tend to decrease with depth. Conversely, VOCs have the potential for

vol ati zation, and concentrations detected in the K1407-B Pond soil increase with depth
Therefore, the maxi mum concentration of organi c contam nants, regardl ess of depth, was used as
the representative concentration

The 95% upper confidence limt on the arithnetical average was chosen as the representative
concentrations for each netal and radionuclide in soil. |If the conputed upper-bound confidence
limt was greater than the maxi mum detected concentration, then the nmaxi num detected val ue was
used as the exposure concentration. Transport equations were used to estinate the contam nant
concentration in air. El enental soil-to-plant transfer coefficients devel oped by Baes et al
(1984) for the edible portions of plants were used to estinmate the upper-bound concentration of
contaminants in plants. The transfer of organics to plants fromsoil was cal cul ated using the
regression equation devel oped by Travis and Arns (1988). There are five volatile potential COCs
present in K-1407-B Pond's groundwater that could be inhal ed by the resident while showering.

I ndoor air concentrations were estimated using an upper-bound default volatilization constant of
0.5 L/nf 3] (EPA 1989d). The representative concentrations of contam nants in each mediumare
shown in Tables 2.1 through 2.6

The scenario for the on-site worker assunes that an enployee will be on-site for 1 h, eight
tines a year. The intake of contam nants was cal cul ated using a soil ingestion rate of 50

ng/ day, a body surface area of 0.394 n{2]/day (arm hands, and face), and an inhalation rate of
20 nf 3]/day (EPA 1989a). Thevariables used in each exposure equation were derived from standard
intake rates, skin surface areas, and adherence factors. Variables relating to exposure
frequency and duration were derived fromknow edge of site conditions and assunptions regarding
receptor activity. Approximately 50% of the year, the wind direction is southeast. Therefore
it was assuned that the general plant enpl oyee woul d be exposed to w nd-generated dust half of
the time, or 4 h/day, 5 days/week, 50 weeks/year for 25 years (EPA 1989a).

It was assunmed that the resident would be exposed to site-related contam nants 350 days/year for
30 years. Exposure fromall pathways except external radiation were divided into two sets of
assunptions. First, a 6-year exposure duration was eval uated for young children, which accounts
for receptors with high intake rates relative to | ow body weights. Second, a 24-year exposure
duration was assuned for older children and adults. For exanple, for the soil ingestion
pathway, a child ingestion rate (200 ng/day) and body weight (15 kg) was assuned for 6 years,
while an adult ingestion rate (100 ng/day) and body wei ght (70 kg) was assuned for 24 years (EPA
1989a). The fornulas used to calculate risks are provided in the baseline risk assessnent of
the Remedial Investigation/Feasibility Study for the K-1407-B/C Ponds, K-25 Site Gak R dge,
Tennessee (DCE 1992a; pp. 5-31 through 5-34, pp. 5-40 through 5-43, and pp. 5-49 through 5-56).

Toxicity assessnent

The toxicity information for the carcinogenic and non-carcinogenic COCs is sumarized in Tabl es
2.7 and 2.8, respectively.

Ri sk characterization

Cancer risk fromexposure to contamination is expressed as excess cancer risk-that is, the
incidence of cancer incurred in addition to nornmally expected rates of cancer devel opnent. An
excess cancer risk of 1 X 10[-6] indicates one person in 1,000,000 is predicted to incur cancer
fromexposure to this contam nation |level. Excess cancer risks falling between 1 X 10[6] and 1
X 10[-4] are within the EPA range of concern and require close scrutiny; cancer risks greater
than 1 X 10[-4] are considered unacceptable by the EPA (EPA 1989b). Excess cancer risk is
estimated by multiplying intake by the contam nant-specific cancer SF published by EPA. SFs



used in the evaluation of risk fromexposure to contamnants in K-1407-B and K-1407-C soil are
listed in Table 2.7. SFs have not been derived for several potential COCs. These contam nants
may contribute to carcinogenic effects fromexposure to the soil, but their effect cannot be
quanti fi ed.

NON- CARCI NOGENI C ef fects are eval uated by conparing the exposure experienced over a specified
tine period with an RFD derived for a sinmilar exposure period. R Ds available for the COCs
present in K-1407-B and K-1407-C soil are given in Table 2.8. The ratio of the exposure dose to
the RFD is called the hazard quotient. A hazard quotient greater than one indicates that there
may be concern for potential noncarcinogenic health effects; however, the | evel of concern does
not increase linearly as the hazard quotient approaches or exceeds one. The sum of all hazard
quotients for all contaminants for a given exposure pathway is the hazard index for that

pathway. SFs and RfDs have been derived from hunman epi dem ol ogi cal studies or aninal studies to
whi ch uncertainty factors have been applied. These uncertainty factors help ensure that the SFs
and RiDs will not underestinmate the potential for adverse health effects.

For the on-site worker at the K-1407-B Pond, the excess cancer risks posed by exposure to

wi nd- generated dust via ingestion, dernal contact, and inhalation are well below the range of
concern. The total pathway risk, however, is 2 X 10[-6] for external exposure to ionizing
radi ation, slightly above the lower Iimt EPA range of concern of 1 X 10[-6]. Lead and
strontium also found at the site, may contribute to the carcinogenic effects fromexposure to
airborne soil contam nants (especially lead, given its classification as a probable B2 human
carci nogen), but an SF is not available for lead. A though an SF exists for radi oactive
strontium there are no isotope-specific data for strontium consequently, the carcinogenic
effects fromexposure to these contam nants were not quantified. No adverse non-carci nogenic
health effects are indicated for exposure to any specific contam nant at the K-1407-B Pond for
the on-site worker.

The excess cancer risk from exposure to contaminants at the K-1407C Pond for the on-site worker
are simlar to the risks for the K-1407-B Pond on-site worker. Again, the excess cancer risk
posed by exposure to w nd-generated dust via the ingestion, dernal contact, and inhalation

pat hways are well bel ow the range of concern. The total pathway risk fromexternal exposure to
ionizing radiation (4 X 10[-6], however, slightly exceeds the lower limt of concern (1 X
10[-6]. This risk is predominately due to external exposure to ionizing radiation from|[137]Cs.

Health risks to the general plant enployee are well below the | evel of concern for both ponds

The Blair Road receptor may be exposed to contam nants transported off-site by the w nd
Potenti al exposure routes for this receptor are the sane as those considered for the genera

pl ant enpl oyee. However, the Blair Road receptor woul d be exposed to w ndborne contam nation
for a much shorter period of tine for two reasons: (1) the wi nd blows northeast toward Blair
Road approxi mately 25% of the tine, while the wind bl ows southwest toward the plant

approxi mately 50% of the tinme; and (2) the only receptors woul d be peopl e who occasionally
drive or infrequently walk along the road. O these potential receptors, the person who
travels Blair Road every day to and fromwork is likely to be exposed for the greatest period
assuned to be only mnutes a day for a nmaxi mumduration of 30 years (the upper-bound | ength of
tine spent at one residence). Therefore, the exposure frequency and duration expected for the
Blair Road traveler is a snall fraction of that considered in the eval uati on of general plant
enpl oyee exposure. Consequently, because the risks to the general plant enpl oyee were well bel ow
|l evel s of concern, the risk to the Blair Road receptor is also expected to be well below |evels
of concern.

The hypothetical on-site resident at the K-1407-B Pond coul d be exposed to both soil and
groundwat er contam nation. Residential exposure would result in the highest risk of all |and



uses consi dered, so greater detail is provided on chenical-specific and pat hway-specific risks
Table 2.9 lists all chemcal -specific carcinogenic risks, total pathway risk, and total exposure
risk estimates. Every pathway eval uated indicated a risk greater than 1 X 10[-6]; the highest
risks are due to external exposure to ionizing radiation, ingestion of groundwater (as drinking
water), and ingestion of honmegrown produce. The excess cancer risks from exposure to [238]U,
arsenic, and [234]U in surface soil dominate the ingestion, dernal contact, and inhalation

pat hways. Cesium 137 is a najor contributor to external exposure to ionizing radiation, wile
[99] Tc domi nates the ingestion pathway risk for homegrownproduce. Exposure to TCE domi nates the
ri sks associated with ingestion of groundwater and dernal contact and inhal ati on during
showeri ng.

Exposure to noncarci nogenic COCs by the on-site resident at the K1407-B Pond nay result in
adverse health effects fromsoil-rel ated pathways and fromingestion of contam nated groundwater
(Table 2.10). Exposure to chromumcontrols the inhalation pathway while nercury drives the

pat hway hazard index associated wi th ingestion of honegrown produce. Additional non- CARCI NOGENI C
effects could be incurred fromexposure to those contam nants present on-site for which toxicity
data are not avail abl e

The hypothetical on-site resident at the K-1407-C Pond coul d be exposed to soil and groundwat er
contam nation. Al chemnical -specific carcinogenic risks, total pathway risk, and the tota
exposure risk estimates are listed in Table 2.11. A though each eval uated pathway yi el ded a ri sk
greater than 1 x 10[-6], with the exception of dermal contact with groundwater while showering
the highest risk is due to external exposure to ionizing radiation. The aggregate risk from
exposure to multiple substances across nultiple pathways is controlled by the risk incurred from
external exposure to ionizing radiation. It is likely that this risk would be |owered if
radi ol ogi cal decay were taken into account. The excess cancer risk is dom nated by exposure to
[137] Cs and [154] Eu. The excess cancer risks fromexposure to arsenic and [234]U in surface soi
dom nate the ingestion pathway risk. The dernal contact pathway risk is driven by arsenic
exposure, while the inhalation pathway risk is dom nated by exposure to chromum [234]U, and
[238] U. Europium 154 and [137]Cs control the total pathway risk from external exposure to
ionizing radiation, while [99] Tc dom nates the ingestion pathway risk for homegrown produce.

The excess cancer risk for ingestion of groundwater is due exclusively to arsenic.

Because SFs are not available for all carcinogens of potential concern, the excess cancer risk
for exposure to sone contam nants cannot be fully quantified. Although lead is a B2 carci nogen
it is not likely that the additional effects of lead in the soil or groundwater at the
K-1407-B/ C Ponds will increase the risk significantly over the relatively high cumul ative risk
posed by external exposure to radionuclides. The maxi numsoil concentrations for |ead detected
during the CERCLA soil sanpling event was 58 ng/kg and 72 ng/ kg for the K-1407-B and K-1407-C
Ponds, respectively; these concentrations are well below the interimsoil cleanup |level for |ead
of 500 to 1000 ppmset forth in the Ofice of Solid Waste and Energency Response Directive
9355. 4- 02.

Because detection limts for sonme historic groundwater anal yses for |ead are above the 15 ug/
action level established in 56 Federal Register (FR) 26460, conparison of |ead concentrations
detected in groundwater at the site cannot be fully evaluated against this criteria. Only one
confirned analysis for |ead at each downgradient nonitoring well at the K-1407-B Pond exceeds
the 15 ug/l action level in unfiltered sanples (32 ug/l in UNW2; 74 ug/l in UNW3).
Downgr adi ent nonitoring wells UNW8 and UNW9 at the K-1407-C Pond have periodically exceeded
the 15 ug/l action level for unfiltered sanples with a nmaxi mum concentration of 280 ug/l in
UNW 8. However, |ead concentrations in upgradient nonitoring wells UNW6 and UNW 11 have
exceeded the action limt with greater frequency and at greater concentrations than downgradi ent
wel I's (maxi mum concentration of 334 ug/l in UNW6). This indicates that |ead in downgradient
wells is not attributable to migration fromthe pond soils.



Results of the eval uation of exposure to noncarcinogenic contam nants for the on-site resident
at the K-1407-C Pond are given in Table 2.12. NO\ CARCI NOGENI C effects coul d occur from exposure
to the soil and the groundwater by ingestion, dermal contact, inhalation, and consunption of
homegr own produce. Exposure to chromumdrives the pathway hazard i ndex associated with the

i nhal ati on of wi nd-generated dust while exposure to nercury contributes substantially to the

el evat ed pathway hazard index val ues for the ingestion of homegrown produce. Additiona

non- car ci nogeni ¢ effects could be incurred fromexposure to those contam nants at the site that
do not have RfDs; however, these effects cannot be quantified

Tables 2.13 and 2. 14 show general and site-specific uncertainty factors that may influence the
human health risk assessnent results for the K-1407B/ C Ponds.

Envi ronnental Ri sks

There are no critical habitats or threatened or endangered species affected by site

contami nants. The K-1407-B/ C Ponds do not provide a habitat to support significant aquatic
communities, do not currently discharge to surface waters, and are not expected to discharge to
surface waters via direct surface flowin the future. Therefore, aquatic ecol ogical effects
were not assessed. Because the ponds enconpass a small area within an industrial conplex and
do not incorporate highly valued habitat features, effects on natural terrestrial comunities
were not assessed. However, because it nay be desirable to revegetate these ponds, an
assessnent was perfornmed on the ability of the pond soils to support a plant community
sufficiently vigorous to cover and stabilize the soil. The results indicate that the pond soils
could be toxic to plants due to high concentrations of HG N, Zn, and other netals. However
these results are highly uncertain due to differences in soil conposition, netal form and plant
sensitivity. Additional evaluation of environmental and ecol ogical risks may be provi ded as part
of a subsequent sitew de ecol ogical risk assessnent at K-25.

Sunmmary

According to EPA, an excess cancer risk greater than 1 x 10[-6] (1 in a mllion) is cause for
concern and requires close scrutiny, and an excess cancer risk greater than 1 x 10[-4] (1 in
10, 000) is considered unacceptable by the EPA (EPA 1989a). The excess risk to the general plant
wor ker are well below the EPA | ower threshold of concern. On-site workers are exposed through
inhal ation of airborne dust, dermal contact and ingestion of contam nated soil, and externa
exposure to ionizing radiation. The on-site worker is estimated to be exposed to an excess
cancer risk of 4 x 10[-6], or four chances in a mllion nore likely to contract cancer in a
lifetine than if no contam nation existed at the K-1407-B/ C Ponds. The hypothetical future
on-site resident woul d be exposed through ingestion and contact with contam nated soil, externa
exposure to ionizing radiation, inhalation of airborne dust, ingestion of contam nated
groundwat er, dernmal contact with water, inhalation of organic volatiles during bathing, and
consunption of contam nated honegrown vegetables. The aggregate excess risk fromexposure to
mul tiple contam nants across all pathways for the hypothetical resident is estimated at 1 x
10[-2], or 1 extra chance in 100 to contract cancer solely because of site contam nation

The remedial action will provide protection to the on-site worker, the general plant enpl oyee

and wildlife by elimnating pathways of exposure by backfilling at the site. This renedia
action will also provide protection to the potential intruder or future on-site resident by
el imnating pathways of exposure and through the use of institutional controls. Institutiona

controls elimnate the potential risk to the hypothetical honmesteader for as long as the
controls remain in place by preventing access to the ponds area. The risk | evel follow ng
inplenentation of this action will be reduced bel ow the threshold of concern (10[-6], or 1 in a
mllion) established by EPA. Systematic toxicity will also be reduced



The results of the risk assessnent for the K-1407-B Pond and K1407-C Pond are summari zed in Fig.
2.5. The risk assessnments for the K-1407-B Pond and the K-1407-C Pond indicate that present and
future on-site exposure is likely to be a concern. Estimated risks incurred by an individual
living near or on K-1407-B Pond or K-1407-C Pond at baseline conditions woul d be unaccept abl e.

Actual or threatened rel eases of hazardous substances fromthis site, if not addressed by
i npl enenting the response action selected in this ROD, nay present an inmm nent and substanti al
endangernent to public health, welfare, or the environnent.

DESCRI PTI ON OF ALTERNATI VES

As part of the FS conducted for the K-1407-B/ C Ponds, renedial alternatives were devel oped to
address residual netals, radiological, and VOC contami nation in the pond soils. Renedial

al ternatives devel oped under CERCLA nust protect human health and the environnment fromthe
hazards at K- 1407-B/ C Ponds and conply with the associ ated adm nistrative requirenents. Each
alternative was evaluated with respect to CERCLA screening criteria. Goundwater contam nation
at the site will be addressed as part of the K-25 Groundwater QU RI/FS and i s not addressed by
these renedial alternatives. Under the focused FS process, six alternatives were eval uated for
renmedi ati on of soil contam nation at the K-1407B/ C Ponds site:

. Al ternative 1: No action-Under Alternative 1, no further action would be taken at
the site.

. Alternative 2: Engi neered Rock Fill-This alternative consists of filling the
K-1407-B Pond with rock fill, placing a cover layer of a few feet
of conpacted soil above the rock, and filling the K-1407-C Pond
with soil.

. Alternative 3: Engi neered Soil Fill-This alternative entails backfilling both the
ponds with borrow soil in accordance with precise technical

speci fications.

. Alternative 4: Backfill and C ay Cap-Backfilling and placenent of a clay cap
according to engineering specifications provides a hydraulic

barrier and helps mnimze infiltration and percol ati on of surface

wat er s.

. Alternative 5: Fi ve- Conponent RCRA Cap- The conposite five-conponent RCRA cap is a
sophi sticated cap consisting of nmultiple layers, including a
synthetic nmenbrane that elimnates virtually all infiltration.

. Al ternative 6: Excavati on and Treat ment - Excavation entails the renoval of

contam nated soils and subsequent treatnment by fixation for
storage of waste.

Alternative 1 is included as a conpari son baseline in accordance with the NCP. Alternatives 2,
3, 4, 5 and 6 each intend to fulfill the requirenents of Sect. 121(d)(1) of SARA

As part of the RI/FS, soil cleanup levels for the protection of human health were generated as
prelimnary renediati on goals (PRGs) based on EPA-recommended equations. The EPA-recommended
equation for calculating PRG for radionuclides in soil conbines the two pathways of external
irradiation and soil ingestion because a residential receptor could be exposed by both pathways
si mul taneously. The produce ingestion pathway was not considered in calculating PRG for



radi onucl i des because the risks associated with this pathway are negligible in conparison with
those for external irradiation and soil ingestion. Renediation resulting in soil concentrations
that adequately reduce risks associated with soil ingestion and external irradiation would
likewi se elimnate unacceptable risks (i.e., >1 x 10[-6]) associated wi th produce ingestion

The equation for calculating PRG was derived by EPA fromthe equation used to calculate risk
The EPA-recommended default value for the shielding factor was used to all ow consi deration of
the shielding effect of buildings, such as the walls of the on-site resident's house. The
age-adj usted soil ingestion factor conbines the different ingestion rates and body wei ghts of
the child and adult receptors. In accordance with EPA gui dance, each SF used in calculating a
PRG for a radionuclide incorporated the SFs for all decay products since secular equilibriumis
assuned. The values used for the other variables in the equation were the sane ones used in the
ri sk cal cul ati ons.

Si nce EPA has not provided equations for calculating PRG for the produce ingestion and dust

i nhal ati on exposure pathways, PRGs were back-cal cul ated using the sane equations used to
calculate risk. Likew se, the values used in the risk calculations for ingestion rate

inhal ation rate, exposure frequency, exposure duration, body weight, and averaging tinme were
used in deriving PRGs. However, because the najority (approximately 80% of the risk from
ingestion of netals in produce is due to the 6 years of chil dhood exposure, a body wei ght of 15
kg and exposure duration of 6 years were used to cal culate these PRGs. The cal cul ated

ri sk-based PRGs are shown in Table 2.15. The PRG shown for chromiumis a target air
concentration rather than a target soil concentration

Remedi ation that achi eves these PRGs for protection of human health is likely to also elimnate
the potential for adverse effects on plant life. The PRGs listed in Table 2.15 are | ower than

t he m ni nrum phytotoxi ¢ concentrations (i.e., those toxic to plants) for the sane netals, with
the exception of zinc. The phytotoxicity value for zinc is based on one study of one plant

speci es, suggesting considerable uncertainty in that value being applied to all plants in al
soil types

A great deal of conservatismhas been incorporated into the PRGs. In addition to the very
conservative exposure assunptions adapted from EPA ri sk assessnent gui dance docunents, SFs and
Rf Ds established by EPA directly influence the outcone of PRG calculations. It is inportant to
keep in mnd that the PRGs are the target concentrations to which the hypothetical on-site

resi dent woul d be exposed for baseline, or current, site conditions. Therefore, excavation of
soi|l containing contam nant |evels above the PRGs is not necessarily required if uncontani nated
soil or other shielding material is placed over the contam nated soil such that residential
exposure to the soil exceeding PRGs is elimnated

Treatnment options for the disposal of residual radiological contam nation in soil were eval uated
in the FS for the K-1407-B/ C Ponds. Treatnent/di sposal of radi oactive waste is based on three

technical principles that are not always sinultaneously applicable or admnistratively feasible

. A sufficient delay will allow the conplete decay of short-lived isotopes, first, and
of all radioactivity in the long term("delay and decay").

. Dilution of concentrated waste will reduce the specific bulk radioactivity of the
material to acceptable levels

. Cont ai nnent and confinenent of the waste will Iimt the risk posed by the
radi oactive nmateri al

Since a cenent batch plant was operated on-site during a previous fixation project, treatnent by



stabilization and solidification with cenent appears to be a viable treatnment choice. The
nature and threat of radiologically contam nated soils at the bottomof the ponds is conparable
even if less intense, to waste previously treated by portland cenent fixation. Hypothetically,
after excavation the contam nated soils may be stockpiled, mxed with cenent, and forned in
solid blocks for storage. However, this and all other currently avail able nmethods to acconplish
remedi ation of a site contam nated with radi onuclides when the "delay and decay" nethod is
impractical will result in the production of further waste nmaterials, the nature of which is
possibly different than the original waste.

Al though the treatnent option would reduce residual risks at the K1407-B/ C Ponds site, it would
increase the risk associated with treating, handling, and storage of the waste. Furthernore,
this option would create the need for |ong-term managenent of containerized waste. Wile such
treatment woul d be consistent with CERCLA preference for treatnent as a principal element to
renmediate threats at the site, it would be inconsistent with CERCLA preference for pernmanent
solutions (the waste would still exist, would be stored above ground, and would still require
nmanagenent) and preference for in situ treatnent of waste and mnim zati on of waste by-products
resulting fromrenedial action. In a practical sense, the real overall advantage that
olidification could offer with regard to risk reduction is questionable

Because current technol ogy does not offer a nmeans to effectively treat residual radiol ogica
contami nation such as that found at the K-1407-B/ C Ponds site, the treatnent of principal
threats is deened to be inpracticable. Therefore, nmanagenent of in situ residues is a nore
appropriate renedy at this site

Engi neering controls proposed under the fill/cap Alternatives 2, 3, 4, and 5, would effectively
deactivate all direct exposure and soil pathways of exposure identified in the baseline risk
assessnent, to all receptors. Al existing exposure pathways and accordingly all risk

associ ated with each pathway would be elimnated. The effectiveness of the fill/cap renedies is
evi denced by RESRAD conputer nodeling conducted as part of the RI/FS for the K-1407-B/ C Ponds
The RESRAD conputer code was devel oped as a conpliance tool to devel op residual contam nation
guidelines at DCE facilities. RESRAD nodeling conducted for the K-1407-B/ C Ponds and i ncl uded
inthe RI/FS report show that the effectiveness of the engineered fill option would be
sufficient to naintain exposure |evels within DCE guidelines for at |east 10,000 years (the
nmaxi mum span for which the nodel was run), even wi thout naintenance (DCE 1992a). For the
foreseeable future, the integrity of the fill/cap opti ons woul d be enhanced by regul ar
surveillance and nai ntenance as part of ongoi ng operations at the K-25 Site.

Al t hough engi neering controls proposed under Alternatives 2, 3, 4, and 5 would effectively
deactivate all direct exposure and soil pathways of exposure identified in the baseline risk
assessnent, the continued presence of residual soil contamination on-site represents a potentia
threat for the hypothetical future on-site resident. Therefore, institutional controls are
consi dered a conponent of all of these alternatives.

The purpose of institutional controls at the K-1407-B/C Ponds is to prevent the inadvertent
exhumation of the residual soil contam nation buried under the soil cover. Further discussion
of the protection provided by Alternatives 2 through 5 to the hypothetical future on-site
resident in the absence of institutional controls is given in the Sunmmary of Conparative

Anal ysis of Alternatives section of this ROD. It is worth nentioning that, while excavation and
treatment of residual soil contam nation at the K-1407-B/ C Ponds would elimnate the need for
institutional controls on a site-specific basis, the stored waste would create a hazard for

whi ch the inplenentation and nai ntenance of institutional controls would still be necessary.

The inplenmentation of institutional controls requires the use of physical barriers or |ega
restrictions or both. The K-1407-B/C Ponds are inside the perineter fence of the K-25 Site, a



DCE facility with controlled access. As long as K-25 is under the jurisdiction of the U S.
governnent, residential use of the property can easily be avoided through controlled access. |f
the property is released in the future and the preclusion of residential use is deenmed
necessary, this preclusion nmay depend nore on legal restrictions than on physical neans of

access control. For instance, if the ORR were to becone a wildlife refuge, the probl em of
avoi ding residential use nay solve itself. Qtherw se, covenants and deed restrictions can be
inpl enented as custonmary with the transfer of any commercial property. It is reasonable to

express a realistic and effective commtnent to the prem se that physical institutional controls
will be maintained as long as the property is owned by the U S. governnent and that |egal
provisions for the prevention of residential land use will be part of any property rel ease
agreenent, in accordance with Sect. 120(h) of CERCLA, as anended.

Institutional controls, reopeners, and contingencies to ensure that the renedy remains
effective, to be agreed upon with the state, will be inplenmented. For exanple, under DCE O der
5400.5 the selected remedy is considered restricted closure. Therefore, if at any point in the
future unconditional release of the site becomes a possibility, DOE (or its successor) shall
conduct a review of the renedy and current site conditions prior to transfer of the K-25 Site
fromDCE (or its successor) to another person or entity. Any property transfer will follow the
procedure outlined in the Federal Facility Agreenent for the Cak Ridge Reservation (hereafter
referred to as the FFA) (DCE 1992d), Sect. XLIII, Property Transfer. Additionally, because this
remedy will result in hazardous substances renaining on-site above heal th-based | evels, a review
wi Il be conducted every 5 years, beginning within 5 years after commencenent of the renedial
action, to ensure that the renedy continues to provi de adequate protection of human health and
the environnent, in accordance with CERCLA 121(c).

Each alternative in this section is evaluated for conpliance with applicable or rel evant and
appropriate requirenments (ARARs) and to be considered (TBC) guidance for the renediation of the
K-1407- B/ C surface i npoundnents. Those ARARs consi dered applicable for the remedi ati on of the
ponds are those pertaining to floodplain protection [10 CFR 1022 and 40 CFR 6 (Appendix A ],
RCRA cl ean closure (40 CFR 265), on-site construction/excavation [ Tennessee Code Annotated (TCA)
Sect. 1200-3-8], fugitive dust control (TCA Sect. 1200-3-8.01), and surface water control (40
CFR 122, TCA Sect. 1200-4-3). DCE orders regul ati ng exposure and | ong-term nmanagenent and

di sposal of residual waste, while not regarded as ARARs, are treated as TBC gui dance and/ or
criteria. The wetlands survey conducted for the site indicated that there are no wetl ands areas
present in the K-1407-B or -C Ponds. Pending concurrence with this finding fromthe U S. Arny
Corps of Engineers (USACE), regul ations pertaining to wetlands [10 CFR 1022 and 40 CFR 6
(Appendi x A)] are not ARARs for this site. A detailed evaluation of ARAR conpliance is
presented for each alternative description in this section, and a conparison of alternative
ARAR conpliance is presented in the Summary of Conparative Analysis of Alternatives section of
this ROD.

Alternatives 2 through 5 each woul d nmeet the exposure limts of DCE Order 5400.5. This order
generically sets guideline exposure limts for all radionuclides except [226] Ra, [228]Ra,

[230] Th, and [232]Th, for which activity guidelines are set. The exposure limts are satisfied
by the elimnation of exposure pathways. Al though the specific activity limts for [230] Th are
exceeded in sone areas of the K-1407-B Pond, there will be no risk fromthis contam nant after
taki ng necessary control measures at the site. However, the K-1407-B/C Ponds will be revisited
by DCE or its successor with regard to residual radiological contam nation if unconditional

rel ease of the property becones a possibility in the future, and any property transfer wll
follow the procedure outlined in the FFA (DOE 1992d), Sect. XLIII, Property Transfer.

Common Assunptions for Alternatives 2 through 5



Conmponents of the conceptual design common to Alternatives 2 through 5 are sunmari zed bel ow.
This list includes assunptions and activities for these renedial alternatives.

. The K-1407-B Pond woul d be dewatered before and during backfill operations, except
for Alternative 2.
. Silt fences and other erosion control devices will be enployed as necessary.

. Surface water diversion is included as a percentage of the total cost; design of
necessary control works will take place at a | ater stage.

. No roads other than tenporary access roads will be built.

. M ni mal dust suppression neasures will be inplenented as required for the haul
r oads.

. If removed, it is likely water fromthe K-1407-B Pond will be processed through the
CNF.

. Heal th and Safety personnel will nonitor the site and workers.

. Al alternatives include surface contouring and revegetation as applicable.

. Construction equi prment used during operations will be decontami nated on-site if
required.

. Wrk will be done in Level D protective equi prent.

. Al borrow soils and clays will be taken either fromthe Wst Borrow Area,

approximately 11 kmfromthe site (21 kmround trip), or froma site with simlar
soil properties. Rock borrowis also available in the vicinity of the K-1407-B/C
Ponds site.

. The in-place density of the soils in the borrow area is assuned to be 125 I b/ft[3].

Specific design criteria for the K-1407-B/ C Ponds wi || be devel oped during the renedi al design
phase. The follow ng description of alternatives uses the design assunptions established in the
RI/FS (DCE 1992a). Al estinmates for soil and rock fill and soil excavation are based on
general i zed assunptions; actual volunes could vary significantly during the design/construction
phase of renediation.

For the purpose of cost conparisons, present worth was cal cul ated for a 30-year period for each
alternative. However, the use of this 30-year period does not infer that the site will
necessarily be suitable for release frominstitutional controls at the end of that period. It
is recogni zed that institutional controls, consisting of the use of physical barriers, |egal
restrictions, or both, will remain as |long as unacceptable risks exist at the site.
Institutional controls nmay be required at the site for a period substantially |onger than 30
years.

Alternative 1-No Action

CERCLA requires that the no-action alternative be evaluated to serve as a baseline for
conparison. This alternative would not mtigate current or future potential risk of the site



through soil or surface water pathways and does not conply with DOE Order 5400.5 regarding
exposure limts or DOE Orders 5400.5, Chapters Il and IV, and 5820. 2A regarding | ong-term
managenent of residual radioactive contam nation left in place

Al ternative 2-Engi neered Rock Fil

This alternative consists of filling the K-1407-B Pond with coarse, granular naterial (crushed
rock) and filling the K-1407-C Pond with engi neered conpacted soil. It is estinmated that 63, 000
yd[ 3] of soils and 14,000 yd[3] of crushed rock woul d be placed in the ponds for the

inpl enentation of Alternative 2

For the K-1407-B Pond, rock fill is a suitable backfill nmaterial that can be placed inits

wat erl ogged environnent without difficulty. It is expected that displaced water will flow awnay
naturally as groundwater, establishing a dry surface above the water table. Soil will then be
applied over the rock fill; it will be graded; and vegetation will be planted.

The K-1407-C Pond, unlike the K-1407-B Pond, is not waterl ogged. Because conpacted soil is nore
cost-effective than crushed rock fill, the K-1407-C Pond woul d be filled with conpacted borrow
soil; its surface would al so be graded and planted with vegetation. The borrow soil wll be
spread in thin lifts and conpacted to specification with rollers or vibratory conpactors.

Pl acement of fill is nonitored agai nst prescribed technical specifications. Engineered-conpacted
fill must neet precisely defined in situ quality tests before its approval for use. Because of
conpaction and quality control, this fill is not subject to significant settlenent; therefore

it requires little or no naintenance. Alternative 2 would not generate nman-nmade byproduct

wast es that require nanagenent.

Fl ooding in the area woul d not conpronise the renedial action taken at the ponds; therefore, 10
CFR 1022 and 40 CFR 6 (Appendi x A) would be net. Final renediation under Alternative 2 would
nmeet RCRA clean closure requirenments (40 CFR 265). During construction, stormater runoff
controls (40 CFR 122, TCA Sect. 1200-4-3) and fugitive dust controls (TCA Sect. 1200-03-8.01)
woul d be inplenmented. Alternative 2 would neet the exposure limts of DOE Order 5400.5 and
conmply with the requirenents of 5400.5, Chapters Il and 1V, and 5820. 2A regardi ng the | ong-term
managenent of residual radioactive contamnation left in place. No wetlands areas were
identified in the ponds by the wetlands survey conducted for the site, and concurrence with this
finding is expected fromthe USACE. If wetlands were deternined to be present at the site, they
woul d be destroyed by this alternative; however, nmtigative neasures woul d be taken to enhance
ot her wetlands areas so no net |oss of wetlands would occur, thus neeting 10 CFR 1022 and 40 CFR
6 (Appendi x A).

Capital cost: $4.5 mllion

Annual Qperations and Mai ntenance (Q&\) cost: $33, 000
Present worth cost over 30 years: $5.0 mllion

Months to inplement: 15

Al ternative 3-Engi neered Fil

The K-1407-B Pond woul d be dewatered, and the ponded water woul d be punped to and processed at
the CNF. This alternative would entail placing an estinmated 75,000 yd[3] of conpacted fill,
grading materials, and soils over existing enpty inpoundnents for filling, contouring, drainage
control, and revegetation. This alternative would require water treatnent at CNF but woul d not
generate other by-product wastes that require nmanagenent. Conpliance with ARARs and TBCs woul d
be the sane for Alternatives 3 as for Alternative 2

Capital cost: $5.5 mllion
Annual Q&M cost: $33, 000



Present worth cost over 30 years: $6.0 mllion
Months to inplement: 15

Alternative 4-Backfill and day Cap

The K-1407-B Pond woul d be dewatered, and soil fill would be enplaced to the appropriate

engi neering specifications in both ponds before placenent of a clay cap. A clay cap would act
as a hydraulic barrier, adding a neasure of protection frominfiltration of rain and surface
waters to the backfilled pond. This cap is an engi neered-conpacted fill layer that nust neet
both structural and hydraulic performance criteria for acceptance. Wile conpacted backfil

nust neet specifications ained primarily at structural perfornance, a clay cap al so nust achieve
avery lowin situ pernmeability- the |ower the perneability to water, the nore inpervious the
cap. Usually, this capis a 2-ft or thicker clay layer placed on top of the backfill.
Construction of an inpervious clay cap is a |abor-intensive process with stringent engineering
requirenents. Construction of a sufficiently inpervious cap denands wel | -speci fi ed nethods and
material selection practices, and results nust be verified by in situ testing. The placenent of
a 2-ft-thick native soil and topsoil |ayer above the cap will protect it from excessive changes
in tenperature and freeze-thaw cycles, which can conpromise its integrity. This alternative
woul d entail placing an estinated 90,000 yd[3] of conpacted fill, clay, grading materials, and
soils over the existing enpty inpoundnents for filling, contouring, |ining, drainage control
and revegetation. This alternative would require that the water fromthe K-1407-B Pond be
treated at the CNF but woul d not generate byproduct wastes that require managenent.

Alternative 4 neets DOE Orders 5400.5 and 5820.2A with regard to exposure limts and the

| ong-term nanagenent of residual radioactive contam nation left in place, RCRA clean closure
requirenents (40 CFR 265), and fl oodpl ai n/wetl ands regul ati ons [10 CFR 1022 and 40 CFR 6
(Appendi x A)], as described in Alternatives 2 and 3. Alternative 4 utilizes the NCP hybrid
cl osure guidance [52 FR 8712 and 53 FR 51446]. The NCP hybrid cl osure gui dance makes use of
RCRA [40 CFR 265.228 (a)(2)] requirenents for closure with waste in place, i.e., closure and
post closure care requirenents. These are consi dered TBC gui dance for inplenentation of a
nodi fied RCRA cap in the instance where no hazardous waste renains.

Capital cost: $6.3 mllion

Annual Q&M cost: $33, 000

Present worth cost over 30 years: $6.8 mllion
Months to inplement: 15

Al ternative 5-Five-Conponent Cap

EPA provi des detail ed technical guidance for the design of this type of cap, as explained in the
RI/FS docunent. A conposite five-conponent cap is very inpervious and woul d be a conservative
neans of isolating the remaining contamnants. The cap is designed in five parts, each having a
specific function to enhance the cap's reliability. The cap includes a conposite clay and
synthetic liner inpervious |ayer, which enhances the effectiveness of clay. This nenbrane, also
called a flexible menbrane liner, is acontinuous sheet of a synthetic polyner inpervious to gas
and liquids. A five-conponent cap requires specialized personnel for installation and nust
conmply with denmandi ng perfornmance standards. This type of cap is used nostly on landfills or
where a closure with waste in place is planned fromthe inception. It is intended as the "lid"
for zero discharge waste disposal sites, where waste is conpletely isolated fromthe
environnent. Its effectiveness for this site is very simlar to that of Alternative 4.

This alternative would entail placing an estimated 90,000 yd[ 3] of conpacted fill, clay and
grading materials, and soils over the existing enpty inpoundnments for filling, contouring
lining and drai nage control, and revegetation. An estinated 180,000 ft[2] of conposite cap



woul d be installed. Material for drainage and filter |layers woul d be needed-possibly 6,000 yd[ 3]
of natural materials or 360,000 ft[2] of geosynthetic materials. This alternative does not
gener ate by-product wastes.

Alternative 5 neets DOE Orders 5400.5 and 5820. 2A requirenents regardi ng exposure limts and the
| ong-term nanagenent of residual radioactive contamnation left in place, RCRA clean closure
regul ations (40 CFR 265), and fl oodpl ai n/wetl ands requirements [10 CFR 1022 and 40 CFR 6
(Appendi x A)], as described in Alternatives 2 and 3. Alternative 5 also utilizes the NCP hybrid
cl osure guidance (52 FR 8712 and 53 FR 51446) and RCRA requirenents for an inpervious cap [40
CFR 265.228(a)(2)]; these are considered TBC gui dance

Capital cost: $8.4 mllion

Annual &M cost: $52, 000

Present worth cost over 30 years: $9.1 mllion
Months to inplement: 15

Al ternative 6-Excavation and Treat nment

Excavating the contam nated soils would involve renmoving a few feet of soil fromthe side sl opes
and the bottons of the K-1407-B/C Ponds. The soil natrix would then be i mmobilized through
fixation in a free-standing solid to allow storage, mnimze contam nant nobility, and reduce
the health risk associated with the fixed waste. The technol ogy of fixation by neans of
portland cenent and a sorbent was assuned for the cost estimate, but any applicabl e technol ogy
may be used. A different systemwould not necessarily entail the same costs estinated here.
This alternative is a contingent plan for the renediation of the ponds; if other actions prove

infeasible, it would be reconsidered. |If this alternative is selected, treatability and the
extent of contamination will need further investigation. After renoval, the excavation would be
backfilled to reclaimthe use of the surface. Engineered conpacted fill would be acceptable and
suitable for backfilling. The exact volune of contam nated soils to be excavated is uncertain

The excavation and solidification of an estimated 21,000 yd[3] of contam nated soils was
assuned. This volume of soil would generate an estinmated 30,000 yd[3] of solidified, |owlevel
wast e by-product for |ong-termstorage. Managenent of this waste is a long-termliability that
is difficult to evaluate. Backfilling involves placing at |east 70,000 yd[3] of clean fill,
dependi ng on surface runoff control and the volune of fill required to restore the site

Alternative 6 neets RCRA clean closure regulations (40 CFR 265), and fl oodpl ai n/ wet | ands
requirenents [10 CFR 1022 and 40 CFR 6 (Appendix A)], as described in Alternatives 2 and 3.
Alternative 6 woul d renove the source of contam nation, neeting conpliance with DOE Order 5400.5
requirenents for exposure limts and the requirenents for nmanagenent and di sposal of waste
contai ning residual radioactive contam nants in 5400.5, Chapters Il and IV, and 5820.2A. A
storage area for the excavated soil is available onsite (DCE Orders 5400.5 and 5280. 2A)
Stormmat er runoff controls (40 CFR 122, TCA Sect. 1200-4-3) and fugitive dust controls (TCA
Sect. 1200-3-8.01) woul d be inpl enent ed

Capital cost: $13 mllion

Annual Q&M cost:  $30, 000

Present worth cost over 30 years: $13.4 mllion
Months to inplement: 15

SUWMMARY OF COVPARATI VE ANALYSI S OF ALTERNATI VES
EPA has established nine evaluation criteria as described in Quidance for Conducti ng Renedi al

Investigations and Feasibility Studies Under CERCLA (EPA 1988b) for the evaluation of renedia
alternatives at CERCLA sites. These nine criteria are organi zed into three groups:



. Threshold Oriteria-These criteria relate to statutory findings and address (1)
overal | protection of human health and environnent and (2) conpliance with ARARs.

. Primary Oriteria-These criteria address the performance of the renedial alternative.
They also verify that the alternative is realistic. The prinary criteria are (3)
long-term effectiveness and pernmanence; (4) reduction in toxicity, mobility, or
vol ume through treatnent; (5) short-termeffectiveness; (6) inplenentability; and
(7) cost.

. Modi fying Oriteria-The viability of the solution is eval uated based on (8) state
agency acceptance and (9) conmmunity acceptance

Threshold Criteria

Overal |l Protection of Human Health and the Environment-The assessnent against this criterion
descri bes how the alternative as a whol e achi eves and nai ntai ns protection of human health and
t he environnent .

Conpl i ance with ARARs- The assessnent against this criterion describes howthe alternative
conplies with ARARs or, if a waiver is required, howit is justified. The assessnent also
addresses other information fromadvisories, criteria, and gui dance that the | ead and support
agency have agreed is TBC.

Primary Oriteria

Long- Term Ef f ecti veness and Per manence- The assessnent of alternatives against this criterion
eval uates the long-termeffectiveness of alternatives in maintaining protection of human health
and the environnent after response objectives have been net.

Reduction of Toxicity, Mbility, or Volunme Through Treatnent-The assessnent against this
criterion evaluates the anticipated performance of the specific treatment technol ogi es an
alternative may enpl oy.

Short-Term Ef f ecti veness- The assessnent against this criterion exam nes the effectiveness of
alternatives in protecting hunan health and the environnent during the construction and
inpl enentation of a remedy until response objectives have been net.

I mpl erent abi lity-This assessnent eval uates the technical and administrative feasibility of
alternatives and the availability of goods and services.

Cost - This assessnent eval uates the estinmated capital, O&M costs, and present worth cost for a
life of 30 years of each alternative in 1991 dollars. The estinates are order of nagnitude
estinmates that necessarily incorporate nany assunptions. Al though they are also useful for
conparing alternatives, the uncertainty associated with themis significant.

Modi fying Oriteria

State Acceptance-This assessnment reflects the state's apparent preferences or concerns about
al ternatives.

Communi ty Acceptance-This assessnent reflects the community's apparent preferences or concerns
about alternatives.



The six renedial alternatives considered for the K-1407-B/ C Ponds are eval uated agai nst the nine
CERCLA eval uation criteria in the follow ng discussion. A sumary conparison of the seven
threshold and prinmary criteria against the six alternatives is presented in Table 2.16

Overal|l Protection of Human Health and the Environnent

Alternative 1, No Action, is not protective of and offers no reduction in risks to hunman health
or the environnent. Alternatives 2 through 5 provide protection from exposure to the

contami nants renmini ng on-site through shielding and the nmanagenent of contam nant mgration
These alternatives do not renove the residual contamination but limt its effects through
isolation. Alternative 6 protects hunman heal th and the environnent at the K-1407-B/C Ponds site
t hrough source control by renoval of the contam nants, but generates additional risks to human
heal th and the environnent associated with the renoval, handling, and |ong-term storage of
waste. Alternative 6, while reducing risk at the site-specific level, results in a transfer of
risk and, therefore, may not represent an overall risk reduction

For both the general plant enployee and the on-site worker risk scenarios, the conpleted
exposure pathways considered in the baseline risk assessnment for the K-1407-B/ C Ponds were
ingestion of, dermal contact with, and inhal ation of wi nd-generated dust. The general plant
enpl oyee scenarios additionally included external exposure to radiation in dust; the on-site
wor ker scenario additionally included exposure to ionizing radiation. |Inplenentation of any of
Alternatives 2 through 6 will effectively elimnate all these exposure pathways and the
associated risk to receptors. Therefore, for the general plant enployee and the on-site worker
risk scenarios, Alternatives 2 through 6 are equally protective. The potential difference
between the alternatives for overall protection of human health and the environnment arises only
for protection offered to the hypothetical future on-site resident in the conparison of
Alternatives 2 through 5 with Alternative 6

Conpl et ed exposure pathways considered in the baseline risk assessnent for the on-site resident
ri sk scenario at the K-1407-B/ C Ponds were ingestion of soil, dernal contact with soil

i nhal ati on of wi nd-generated dust, external exposure to soil radiation, ingestion of
groundwat er, dernmal contact wi th groundwater while showering, inhalation of volatiles while
showering, and ingestion of honegrown produce. Total excess cancer risks estinmated in the
basel i ne risk assessnent for the on-site resident are 1 x 10[-2] and 7 x 10[ -3] for the
K-1407-B and K-1407-C Ponds, respectively.

Alternatives 2 through 5, although different in terns of engineering design, are equal in the
protection of hunman health and the environnent. Because Alternative 6 represents source contro
by renoval of the contami nants, there are different ramfications for overall protection for the
on-site resident than for Alternatives 2 through 5. In evaluating the true effectiveness of
Alternative 6, it is necessary to evaluate (1) the reduction of risk that would occur as a
result of its inplenmentation, (2)the chance that baseline risk conditions for the on-site
resident could be realized at the site in the future, and (3) the additional risks generated by
inpl enentation of the alternative

Alternative 6 would elimnate the potential for cross-contam nation and mgration of

contami nants fromthe pond soils in groundwater at the K-1407-B/C Ponds site. However, the

anal ysis of contam nant migration, based on the comparison of data for K-1407-B/C Pond soils and
nonitoring wells and the conputer-sinulated nodeling indicate that there is very little risk
associated with mgration of contamnants in the groundwater fromthe pond soils. G oundwater
mgration of contaminants fromthe K-1407-B/ C Pond soils into groundwater does not appear to
represent a significant risk even for the nost conservative assunptions. Accordingly, the
excavation of residual soil contam nation under Alternative 6 would not result in a neaningfu
reduction of risk for groundwater pathways for the on-site resident scenario.



The protection afforded by Alternative 6 would be prinmarily fromthe elimnation of direct
exposure to ionizing radiation and the elimnation of contact to contaminants in the soil for
al | exposure pat hways by renovi ng contam nation. However, the true protection provided by
excavation and renoval under this alternative nust take into account the realistic probability
of future exposure to baseline risks at the site. The conservative approach to evaluating the
maxi mumrisk to human health for future scenarios is to assune that a future on-site resident
coul d reestablish baseline conditions and thereby be exposed to baseline risks at the site.
However, if the ponds were filled, this would be highly unlikely to occur even with residua
soil contamination left in place; a conbination of highly inprobable events would be necessary
to reestablish baseline conditions.

To reestablish baseline conditions at the site, the future on-site resident woul d have to
excavate the pond(s) to its original depth to build a residential structure and plant a garden
For the K-1407-B Pond, this would involve excavating to a | evel below the water table and
through nmany feet of rock fill that would be present fromthe inplenentation of the proposed
remedy for the site. For both the K-1407-B and K-1407-C Ponds, placing a house bel ow the
100-year flood plain would be required

Even assum ng such construction activities were to occur, the | evel of excavation would have to
coincide alnost perfectly with the current |evel of the pond bottons for the on-site resident to
be exposed to baseline risk conditions. To be exposed to the total risks fromingestion of
homegr own produce, the root systens of crops would have to be situated within a narrow 1-ft zone
of maxi num contam nant concentration. Even if the considerabl e obstacles were overcone to build
a residential structure and plant a garden in the original pond bottons, crops probably could
not grow because of the poor agricultural nature of the soils

The construction of a single-level residential structure in either the K-1407-B or -C Pond woul d
in all likelihood involve the excavation of no nore than a few feet of soil. Based on the
proposed thickness of pond fill, an excavation of such a depth would not reach the site's soi
contami nation and, therefore, would not result in the conpletion of the soil exposure pathways
considered in the baseline risk assessnent for the on-site resident. The construction and
occupancy of a basenment hone could create a greater potential for exposure to soil contam nants
at the site than a single-story dwelling. However, occupancy of such a structure would not
approxi nate baseline risk conditions because shielding offered by the walls and floor of the
basenent area would elimnate or drastically reduce soil pathways.

Aside fromthe practical and physical obstacles to reestablishing baseline conditions at the
site in the future, the role of institutional controls nmust be considered. Realization of the
hypot hetical future on-site scenario nust assune that there would be unlimted use of the site
if institutional controls were lifted. However, it is reasonable to assume that institutiona
controls will be in force at the site as long as it is held by DOE. Furthernore, DOE s future
rel ease of any property, particularly property with residual contam nation, would carry
restrictions regardi ng the use of the land, and any property transfer will follow the procedure
outlined in the FFA (DCE 1992d), Sect. XLIII, Property Transfer. Because of their wi despread
acceptance and enforceability, future restrictions to |l and use warrant consideration of their
ability to limt future exposure to residual site contamnation. The institution of such
legal |y binding obligations would serve to further reduce the l|ikelihood of future human
exposure to residual contamnation at the site

In assessing the overall protectiveness of Alternative 6, it is inportant to recognize that the
renoval of residual soil contam nation fromthe K-1407-B/ C Ponds woul d not resolve the issue of
institutional control for waste generated fromthe site. Because no effective technol ogy for
the detoxification of radioactive material exists, the exhunation of the residual radiol ogica
contam nation fromthe bottomof the K-1407-B/C Ponds and its transfornation into a different



formof waste would suffer fromthe sane conplications associated with institutional controls at
the ponds site. To protect public health and the environnment, it would be nmuch safer for

resi dual radiol ogical contamnation to remain at the bottom of the ponds, below 10 ft of soi
cover, than to be stored in any manner above surface should institutional controls fail at sone
future tine. Accordingly, there are greater potential problens associated with institutiona
controls for the storage of the exhuned waste above surface than for residual contamination |eft
in place.

Alternative 6 does not offer advantages for the overall protection of human health and the

envi ronnent when conpared to Alternatives 2 through 5 because (1) it is extrenely inprobable
that baseline conditions could ever be established at the K-1407-B/C Ponds at any tine in the
future even in the absence of institutional controls, (2) there is the high likelihood that
institutional controls will prevail at the site even in the case of property transfer, and (3)
the excavation, handling, and |long-termstorage of waste will generate a potential risk to human
health and the environnment. Conversely, the inplenentation of Alternative 6 could actually
result in an increase of risk, especially in the absence of institutional controls for

the long-termstorage of waste at the surface. In summary, Alternatives 2 through 5 provide
protection at |east equal to Alternative 6 for all human risk scenari os.

Conpl i ance with ARARs

There are no chemical -specific ARARs for the cleanup of contam nated soils at the K-1407-B/C
Ponds associated with any of the alternatives. There are several |ocation-specific and
action-specific ARARs pertinent to the renediation of the ponds that are associated with all the
alternatives as shown in Table 2.17

The ponds are located within the 100-year and 500-year floodplain areas. Therefore,

l ocation-specific federal and state ARARs for the protection of flood plains are applicable to
all alternatives and nust be net for any renedial activities taken in the K-1407-B/ C Ponds area
The wetl ands survey conducted for the site indicated that no wetlands areas are present in the
K1407- B/ C Ponds; concurrence with this finding is expected from USACE. However, if any wetl ands
were present at the site, they would be destroyed by the inplenentation of Aternatives 2
through 6. In this case, mtigative neasures would be taken to enhance other wetlands areas so
no net loss of wetlands would occur, thus neeting 10 CFR 1022 and 40 CFR 6 (Appendix A)

The action-specific ARARs for closure of the ponds includes 40 CFR 265.228(a)(1), which details
the requirenents for RCRA clean closure and applies to all alternatives. There are severa
action-specific ARARs that apply to the construction and inplenentation of Alternatives 2, 3, 4,
5, and 6. These include Tennessee state regul ations and O ean Water Act regul ations requiring
that surface water runoff and stornmwater discharge during construction activities at industria
sites be controlled and nonitored; the surface water runoff nust meet the substantive
requirenents of the state stormmater discharge permt. Tennessee regulations also require that
fugitive dust em ssions be controlled during site construction and excavati on. DCE orders,
whil e not regarded as ARARs, are treated as TBC gui dance and/or criteria. Nuclear Regulatory
Commi ssion (NRC) regul ations are not considered applicable for CERCLA renedi ati on of DCE
facilities but are considered potentially relevant and appropriate. However, none of the NRC
regul ations are relevant and appropriate for the proposed renedial action at the K-1407- B/ C
Ponds. For the purposes of this closure, DOE Order 5400.5, Radiation Protection of the Public
and the Environnent, nust be nmet. Under this DCE order, the renedial action nmay be considered a
restricted closure if residual radioactive contam nation renmains in place. |f unconditiona

rel ease of the property becomes a possibility in the future, any property transfer will follow
the procedure outlined in the FFA (DOE 1992d), Sect. XLIII, Property Transfer



Wil e the no-action alternative nmeets the location- and action-specific ARARs, it clearly does
not neet DOE orders for radiation protection. Alternatives 2, 3, 4, 5, and 6 conply with all the
| ocation-specific and action specific ARARs (see Table 2.17 and the Description of Alternatives
section of this report). Conpliance with ARARs and TBCs for Alternative 2, the sel ected renedy
for the K-1407-B/ C Ponds, is further discussed in the Sel ected Renmedy, Conpliance with ARARs and
TBCs section of this report.

Long- Term Ef f ecti veness and Per manence

Alternative 1 provides no long-termeffectiveness, but present conditions at the K-1407-B/C
Ponds are not likely to worsen in the long-termif no action is taken. R sk due to airborne
contami nation nay actually be reduced by further growth of vegetation. The risks posed by
[137]Cs and [99] Tc will naturally abate through radi oactive decay and dilution within the soi
hori zon. This natural abatenent would result in the reduction of risk at the site by a ful
order of magnitude (to 3 x 10[-3] over a 100-year span. However, the baseline risk assessnent
conducted for the K-1407-B/ C Ponds shows that the hypothetical on-site resident who |ives
on-site for 30 years (the national upper-bound residency termfor baseline risk assessnent
estimates) is estimated to have 1 chance in 50 of devel opi ng cancer from exposure to

contami nants present on-site (risk of 2 x 10[-2]). Alternative 1 does not provide any reduction
of this risk to human health or the environnent and, therefore, is unacceptable

Engi neering controls proposed under Alternatives 2, 3, 4, and 5 would effectively deactivate al
the direct exposure and soil pathways of exposure identified in the baseline risk assessnent to
all receptors. Al existing exposure pathways and all risk associated with each pat hway woul d
be elimnated. The effectiveness of the fill/cap renedies is evidenced by RESRAD conput er
nodel i ng conducted as part of the RI/FS for the K-1407-B/ C Ponds. The RESRAD conputer code was
devel oped as a conpliance tool to devel op residual contam nation guidelines at DCE facilities
RESRAD nodel i ng conducted for the K-1407-B/ C Ponds indicated that the protection offered by the
engi neered fill option would be sufficient to maintain exposure |evels wthin DCE guidelines for
at |least 10,000 years (the maxi mum span for which the nodel was run), even w thout nmaintenance
For the foreseeable future, the integrity of the fill/cap opti ons woul d be enhanced by regul ar
surveillance and nai ntenance as part of ongoi ng operations at the K-25 Site.

Rock fill incorporated as a stable subgrade as part of Alternative 2 would not be conpron sed by
tine or by long-termexposure to groundwater. The soil cover above the rock fill would be graded
for effective drai nage and vegetated, and woul d enhance the effectiveness of the rock fill as a
nmeans to deactivate pathways of exposure. Hence, the soil cover would add to the reliability of
this alternative and to its effectiveness. Risks to the hypothetical future on-site resident
subsequent to the inplenentation of Alternative 2 are estimated to be negligi bl e because al
exposure pathways, with the exception of groundwater-rel ated pathways, would be elim nated
because (1) contam nated dust will no |l onger be generated, (2) roots of homegrown garden produce
are not expected to extend into the contamnated |layer, and (3) the alternative will effectively
shield individuals fromexternal exposure to ionizing radiation. Excess cancer risk subsequent
to the inplenentation of Alternative 2 would be bel ow the EPA threshold of concern (<1 x
10[-6]). Systemic toxicity after renedi ati on woul d be absent and background conditions woul d be
reest abl i shed

PRGs for reducing risk to acceptable |evels would be nmet by reducing the exposure of potentia
human receptors to contam nation, as opposed to reducing the |level of contamination; the

contami nants would remain in place, but the exposure pathways would be elimnated. After

pl acenent of clean fill nmaterial, the |level of exposure to contam nation for the potential hunman
receptor, including the on-site resident, would be no greater than background



External exposure to ionizing radiation would be reduced to background | evel s by physica

shielding of the radionuclides in the pond soils with the fill material. |Intake of contam nants
by way of produce ingestion would be elimnated because the roots of plants grown for food will
not extend through fill nmaterial to reach the contam nated pond soils. Incidental ingestion of

contam nated soils and inhal ation of contam nated soils as dust woul d not be possible because
the soils will be inaccessible

The only potential negative ecol ogical inpact subsequent to the inplenentation of Alternative 2
is the possibility of phytotoxicity fromplant uptake of contami nants present in the substrate
The application of clean backfill is expected to provide a sufficient barrier to root uptake of
contam nants by grasses and shrubs. However, this barrier may not be sufficient to prevent root
upt ake of some contam nation by trees

Simlar to the rock fill under Aternative 2, engineered fill of Alternative 3 is not subject to
significant |ong-term subsidence, and any settling of the foundati ons woul d probably be
nmanageabl e. Surface vegetation would help to mnimze erosion of the cover, thereby preserving
the contour of the graded surface and drai nage conditions. However, engineered fill is not an

i npervious nedium and infiltration and percol ation do occur. Post-renediation conditions and
residual risk for Alternative 3 is conparable to that of Alternative 2

The long-term preservation of effectiveness for Alternative 4 appears possible with m ni num
regul ar mai ntenance. Oiginal drainage conditions would be naintained and the presence of a
hydraul i c barrier provided by the clay cap woul d reduce surface water infiltration and

percol ation rates. The addition of this hydraulic barrier would be expected to elimnate the
percol ation of neteoric water through the vadose zone. However, because of the | ow potential
for contaminant mgration indicated by the RI/FS, the elinmnation of surface water infiltration
is not viewed as an advantage in reducing the mgration of contam nants through groundwater
exposure pathways at the site. Furthernore, there would be little conceivabl e advantage in
reducing surface water infiltration at the K-1407-B Pond where the residual contam nation is
found nmainly below the water table. It is assuned that no inprovenent to the risk to hunan
health and the environnment at the site is derived fromthe construction of an inpervious
barrier, as conpared to the reduction already achieved by Alternatives 2 and 3. Therefore,
post-renediation risk for Alternative 4 is conparable to that of Alternatives 2 and 3

Alternative 5 offers a potential increase in long-termreliability with the inplenentation of a
five-conmponent RCRA cap. Initial excellent drainage conditions provided by the systemwoul d be
nmai nt ai ned; the presence of a conposite inpervious liner conpletely elimnates infiltration and
percol ati on. However, reservati ons about the useful ness of a hydraulic barrier at the site are
the same as for Alternative 4. The residual risk exposure associated with Alternative 5is
equivalent to that of Alternatives 2, 3, and 4.

Under Alternative 6, the excavation of radiologically contam nated soil would elimnate the
source of toxicity at the ponds site. It can be assuned that residual risk at the site would be
reduced to acceptable |levels. However, there is no currently avail abl e technol ogy for the
effective treatnent of residual radioactive waste such as found at the K-1407-B/ C Ponds. Any
treatment woul d subsequently require storage of waste by-products. This generates an onerous
long-termcommitnent and the potential necessity of further treatnent.

This alternative would generate risks associated with the excavation, handling, and |ong-term
storage of waste. Alternative 6, therefore, has the net effect of transferring, rather than
reducing, risk associated with residual contam nation fromthe K-1407-B/ C Pond soils. The
long-term effectiveness and permanence for the K-1407-B/C Pond site under Alternative 6 would be
good. However, the long-termeffectiveness and permanence for the by-product waste is considered
to be poor; the need would be created for storage, handling, and possibly additional treatnent



inthe future. 1In terms of ecological risk, Alternative 6 woul d be somewhat better than
Alternatives 2 through 5; however, the existing risk to ecological receptors at the site is
considered to be negligible.

Al t hough engi neering controls would effectively deactivate all direct exposure pathways and soi
pat hways of exposure at the K-1407-B/ C Ponds, sone CERCLA hazardous substances woul d remain
on-site for Alternatives 2, 3, 4, and 5. Therefore, these alternatives would be subject to the
5-year review period nmandated in Sect. 121(c) of SARA and Sect. 105 of CERCLA 40 CFR 300. 430,
Fi nal Renedy Selection. This review would be augnented by data provided from post-renedi ati on
groundwat er nmonitoring to be conducted at the K1407-B/ C Ponds subsequent to inplenentation of
the remedi al action.

Reduction of Toxicity, Mbility, or Volunme Through Treat nent

Alternative 1, no action, does not enploy treatnent or confinenent of contam nants and achi eves
no direct or imediate reduction of toxicity, nobility, or volune of contamnation. Wth tineg,
the toxicity of the residual contamnation in the K-1407-B/ C Pond soils woul d be reduced by
radi oactive decay and dilution of contam nant concentrations in soils, and the mgration of

ai rborne contami nation mght be reduced by the spontaneous growth of vegetation. Aternatives 2
through 5 involve the placenent of fill into the existing inpoundnents; Alternatives 4 and 5
additional ly include the enpl acement of caps over the fill. No reduction of toxicity, nmobility
or volune of residual soil contam nation is achieved through treatnment for these alternatives
However, nobility is reduced by physical neans of confinenent of the contami nated soils. There
are varying inplications for Alternatives 2 through 5 for the infiltration of surface waters and
the associ ated potential for |eaching of contam nants for the K-1407-B/ C Ponds

Alternative 3 offers a reduction in surface water percolation rates for the K-1407-B Pond
conpared to Alternative 2 because the soil fill sub-grade for Alternative 3 would be |ess
conducive to infiltration than the rock fill sub-grade of Alternative 2. Alternative 4 and 5
woul d reduce surface water infiltration at both ponds conpared to Alternatives 2 and 3; surface
water infiltration would be curtailed by neans of an inpervious cap or liner. Therefore
Alternative 3 would offer a reduction in the infiltration of surface waters and the associ at ed
potential for |eaching of residual soil contam nants when conpared to Alternative 2 for the
K-1407-B Pond, and Alternatives 4 and 5 would elimnate this potential altogether for both
ponds

However, the analysis of contam nant migration conducted as part of the K-1407-B/ C Ponds R /FS
indicates a linmted potential for leaching and mgration of residual soil contam nation at the
site. Accordingly, surface water |eaching of soil contam nants and the resultant contribution
to groundwater contaminant migration is not viewed as posing any significant potential for the
contami nant mgration. The reduction of surface water infiltration by the enplacenent of an
inpervious cap or liner would not result in a meaningful reduction in contam nant mgration
Furthernore, the reduction of surface water infiltration at the K-1407-B Pond woul d be
nmeani ngl ess since nost of the contami nated soil is below the water table.

Al ternative 6 would achieve a reduction in the volune of contam nated soils at the K-1407-B/C
Ponds by excavati on and renoval and woul d reduce or elimnate the issues of nobility and
toxicity for the ponds site. However, the excavated by-product waste would be toxic, and there
is no currently available nethod to effectively reduce the toxicity of residual radiol ogica
contam nation such as that found at the K-1407-B/C Ponds. Treatnent of excavated waste woul d
pursue reduction of nobility through fixation. Such fixation would result in the generation of
a considerably greater volune of |owlevel residual waste than that initially excavated. The
waste properties would be irreversibly altered and thereby nullify the presently existing threat
posed by the contam nants. However, a different type of waste with toxic properties would be



created in quantities greater than those of the original waste. The excavation and fixation of
the estimated 21,000 yd[3] of contami nated soils would likely result in no |ess than 30, 000
yd[ 3] of solidified |owlevel radioactive waste. Because of the |ack of avail abl e technol ogy,
the alternatives proposed for renediati on of the K-1407-B/ C Ponds do not use treatnment as a
nmeans to reduce the principal threat at the site. Therefore, nmanagenent of in situ residues is
a nore appropriate remedy for this site

Short-Term Ef fecti veness

Alternative 1, no action, would present no short-termrisks in excess of baseline risk
conditions estinated for the site. The inplenentation of Alternatives 2 through 6 would result
inincreased risk to human health and the environment related to construction, hauling, and
treatment activities

It is estimated that the inplenentation of Alternative 2 would require about three nonths of
consecutive work days of suitable weather conditions, or the equivalent, for the conpletion of
construction activities, with sone variation for Aternatives 3 through 5 based on the
conmplexity of the alternative. The short-termeffectiveness of these alternatives is simlar
In the short term there is a possibility of negative cross-nedia inpacts. During and after
construction, the foundation of the ponds could undergo |imted consolidation and settlenent.
The overburden i nposed by the weight of the fill would conpress pond subsoils, possibly causing
pore water to spread.

Part of the contaminated pore water trapped in these soils, especially in the K-1407-B Pond,
could be released to the environnent, causing a tenporary increase in contam nation of surface
water in the inpoundnents. The rel ease of contam nated pore water could al so cause a tenporary
increase in contamnant migration in the groundwater. However, any increase in contam nation of
surface or groundwater is expected to be tenporary, limted to the i mediate pond areas, and not
to pose a significant threat to hunman health or the environnent.

The inplementation of Alternatives 2 through 5 would also require the transport of significant
quantities of borrow materials. Road-related risk for the truck drivers hauling the fil
material to the ponds site is evaluated at 1 chance in 1000 for death and 6 chances in 100 for
injury. Because of the secluded setting of the ponds, there is no direct risk to the community
during inplenmentation of these renedial alternatives except for the increase in truck traffic
between the ponds site and the designated borrow area. Risk to the community would be limted
by normal traffic and hauling safety precautions.

Excess lifetinme cancer risk to renediation workers has been quantified at 2 x 10[-5] (20 chances
in 1 mllion) under the follow ng assunptions: (1) the remedial worker is exposed for 8 nonths
to representative concentrations of contamnants in soils for 8 h/day, 5 days/week; (2) persona
protective equipnent (PPE) is used; (3) external exposure to ionizing radiation is a conplete
exposure pathway, but dernmal contact, inhalation and ingestion of dust, and ingestion of
groundwater are not; and (4) the shielding effect of progressive backfilling is not considered
(which is an extrenmely conservative assunption). The estimated risk of 2 x 10[-5] is within the
range of acceptabl e exposure according to EPA, and the actual risk is expected to be
substantially | ower.

The possibility of short-termcross-nedia inpacts exists for the inplenentation of Alternative
6. Significant vol unes of contam nated soils woul d be excavated and woul d need tenporary
storage before treatnment. Al so, nounds of contam nated soils allowed to air dry m ght
tenporarily affect air quality in the vicinity of the workplace. Backfilling would occur with
the associated risk estinmated for Alternatives 2 through 5.



From a ri sk standpoint, significant anounts of dust could be generated and exposure from
inhaling or ingesting contam nated airborne dust would increase potential risk to the on-site
worker. These potential risks would be mtigated by the enpl oynent of appropriate techniques
for dust control and the donning of proper PPE. The wearing of appropriate PPE by on-site
remedi ati on workers woul d effectively elimnate dermal absorption and inhal ati on of contam nants
present on-site. Goundwater is not currently used by the on-site worker, and ingestion of
contam nated groundwater is not considered a conpl ete exposure pathway to the renediation

wor ker

Alternative 6 would require a greater duration and | evel of on-site activity than Alternatives 2
through 5. However, risks to the on-site remedial worker for the inplenentation of Alternative
6 woul d not be expected to be appreciably greater than the risks for the inplenentation of
Alternatives 2 through 5, and the hauling of the additional volune of fill on area roads woul d
not pose a substantial increase in risk to truck drivers or the comunity.

For Alternative 6, the ponds woul d be dewatered and the soils excavated; therefore, the
potential cross-nedia inpacts to surface and groundwater woul d be |l ess than for Alternatives 2
through 5. It is not expected that the inplenentation of Alternative 6 would result in an
increased risk to the environment above baseline conditions.

Inmpl emrentability

Al renedial alternatives are based on nature technol ogies, and their inplenentation does not
present new technical challenges. The goals projected for each alternative are technically
realistic in the scope of the alternative. The adm nistrative feasibility of these alternatives
depends on the achi everent of a consensus anong DOE and regul atory agencies involved in the

eval uation and approval process. This will center on conpliance with ARARs and the CERCLA/ RCRA
approach adopted for this remedial initiative

The inplementation of any of these alternatives would be consistent with future planned Ris and
activities at the site, such as the K-25 Groundwater RI/FS, and would allow continued nonitoring
at the site necessary to verify the effectiveness of the renedial alternative

Cost

Alternative 1 involves no cost. The estimated costs increase from$4.5 mllion for Alternative
2 to $13.0 nillion for Alternative 6. Cost is one of the five prinmary criteria for the analysis
of alternatives under CERCLA and is rel evant when choosi ng anong sol utions offering a conparabl e
degree of protection. The estimated increased costs of Alternatives 3 through 6 over the
estinmated cost of Alternative 2 do not correlate to the protection, pernmanence, and advant ages
provided by these alternatives. The safeguards provided by Alternative 2 conply with avail able
guidelines to protect human health and the environment in a cost-effective manner. Table 2.18
shows the cost and present worth cost for Alternatives 2 through 6.

For the purpose of cost conparisons, present worth was cal cul ated for a 30-year period for each
alternative. However, the use of this 30-year period does not infer that the site will
necessarily be suitable for release frominstitutional controls at the end of that period. It
is recogni zed that institutional controls, consisting of the use of physical barriers, |ega
restrictions, or both, will remain as |Iong as unacceptable risks exist at the site
Institutional controls nmay be required at the site for a period substantially |onger than 30
years.

Regul at ory Agency Acceptance



TDEC and EPA have reviewed the alternatives proposed for renedial action at the K-1407-B/ C Ponds
and concur with the selection of Alternative 2, Engineered Rock Fill, as the alternative best
suited for renediation of the K-1407B/ C Ponds.

Communi ty Accept ance

No public comments or questions were submtted during the public coment period for the Proposed
Pl an for the K-1407-B/ C Ponds. By the absence of conments, it is assumed that the public is in
favor of the selection of Alternative 2 as the nost appropriate renedial action for the

K-1407- B/ C Ponds.

SELECTED REMEDY

Based on the detailed analysis of alternatives agai nst CERCLA requirenents, the nost appropriate
remedy for the K-1407-B/C Ponds is Alternative 2, Engineered Rock Fill. Alternative 3 does not
achi eve objectives as effectively as Alternative 2. Alternatives 4 and 5 represent an increase
in cost with no increase in risk reduction to human health or the environnent at the site.
Alternative 6 offers no further advantages that justify the added cost or the long-termhealth
and financial liabilities associated with the handling, treatnent, and storage of waste
by-products generated by its inplenentation. Alternative 2 represents the best bal ance of
trade-offs of all the alternatives eval uated.

Alternative 2 consists of filling the K-1407-B Pond with an estimated 14,000 yd[3] of crushed
rock fill and filling the K-1407-C Pond with an estinmated 63,000 yd[ 3] of engi neered conpacted
soil. These estinmates are based on generalized assunptions; actual volunes nmay vary
significantly during the design and constructi on phase of renediation. At the K-1407-B Pond,
crushed and graded rock fill will be enplaced and conpacted with appropriate equi pnent. Rock
fill is suited for the waterl ogged environnent of the K-1407-B Pond because it can be pl aced
there without difficulty; sub-grade stabilization will not be required. Rock fill is also
appropriate for use at the K-1407-B Pond because the |ow surface activity of the coarse granul ar
material will limt the potential for chemcal fixing of groundwater contam nants onto the fill.

It is expected that water displaced by the enplacenent of rock fill into the K-1407-B Pond will
flow anay naturally as groundwater, establishing a dry, stable surface above the water table
that will facilitate the placenent of the overlying soil cover. Surface grading and contouring
wi Il be acconplished by placing an engi neered soil cover above the rock fill. This soil cover
will be separated fromthe underlying coarser naterial by a filter, possibly a synthetic
geotextile, to prevent piping. The cover will then be graded to direct drai nage away fromthe
pond ar ea.

The K-1407-C Pond will not require a rock fill subgrade because it is not waterlogged. The
K-1407-C Pond will be filled with nore cost-effective conpacted borrow soil. The borrow soil
will be spread in thin lifts and conpacted. Because of conpaction and quality control, the fill
will not be subject to significant settlenent and, therefore, should require little maintenance.

For both inpoundnents, revegetation in native soil, and possibly topsoil, will control erosion
and stabilize the soil cover for long-termreliability. No engineering structures other than
those required for surface water runoff and erosion control will be necessary during
construction. Alternative 2 will not generate man-made by-product waste that requires
managenent. Modifications nay be nade to this renedy as a result of the remedi al design and
construction process; such changes, in general, would reflect nodifications resulting fromthe
engi neering desi gn process.



The basel i ne exposure pat hways consi dered conpl ete at the K-1407B/ C Ponds for the general plant
enpl oyee and the on-site worker risk scenarios are dernal contact with, and ingestion and

i nhal ati on of wi nd-generated dust. The external exposure to radiation in dust pathway is

addi tional ly considered conplete for the general plant enployee and the direct exposure to
ionizing radiation pathway for the on-site worker. The inplenentation of Alternative 2 wll
effectively elimnate all these baseline exposure pathways and their associated risks to
receptors. After the placenent of clean fill material, the level of on-site contami nation to
whi ch any potential human receptor woul d be exposed will be no greater than background. The
contaminants will renmain in place, but the exposure pathways will be elimnated. Thus

ri sk-based PRGs will be net.

Based on current site conditions, the exposure pathways consi dered conplete for the hypothetica
future on-site resident are ingestion of soil, dernal contact with soil, inhalation of

wi nd- generat ed dust, external exposure to soil radiation, ingestion of groundwater, dernal
contact with groundwater while showering, inhalation of volatiles while showering, and ingestion
of honegrown produce. The renediation of groundwater contam nation is not addressed as part of
this remedial action but will be addressed under the K-25 Goundwater QU RI/FS. Al other
exposure pathways for the hypothetical future onsite resident will be elimnated by the

inpl enentation of Alternative 2

Al though the contaminants will remain in place, it will be virtually inpossible for anyone in
the future to reestablish baseline conditions at the ponds in the attenpt of establishing
residency at the site. However, because the continued presence of contamination on-site
represents a potential threat, institutional controls (as already in place at the site) are
consi dered as a conponent of this alternative to provide added protectiveness

Institutional controls, reopeners, and contingencies to ensure that the renedy remains
effective, to be agreed upon with the state, will be inplenmented. For exanple, under DCE O der
5400.5, the selected renedy is considered a restricted closure. Therefore, if at any point in
the future unconditional release of the site becones a possibility, DCOE (or its successor) shal
conduct a review of the renedy and current site conditions prior to transfer of the K-25 Site
fromDCE (or its successor) to another person or entity. Any propertytransfer will followthe
procedure outlined in the FFA (DCE 1992d), Sect. XLIII, Property Transfer. Additionally,
because this renedy will result in hazardous substances renai ning on-site above health-based
levels, a review will be conducted every 5 years, beginning within 5 years after commencenent of
the remedial action, to ensure that the renedy continues to provide adequate protection of human
health and the environnment in accordance with CERCLA 121(c). This review will be augnented by
data avail abl e from post renedi ati on groundwater nonitoring at the site. Post renediation
groundwat er nmonitoring will be conducted in accordance with the groundwater nonitoring plan for
t he K-1407-B/ C Ponds, which will be finalized upon EPA and TDEC approval

Fl oodi ng woul d not conpromi se the renedial action taken at the ponds, neeting 10 CFR 1022 and 40
CFR 6 (Appendix A). Final renediation under Alternative 2 would neet RCRA clean closure
requirenents (40 CFR 265). Certification of RCRA clean closure will be conpl eted before renedia
activities are inplenented at the site. During construction, stormmater runoff controls (40 CFR
122, TCA Sect. 1200-4-3) and fugitive dust controls (TCA Sect. 1200-03-8.01) woul d be
inplenented. This alternative will neet the exposure limts of DOE Order 5400.5 and conply with
DCE Order 5400.5, Chapters Il and IV, and DCE Order 5820.2A requirenents for the long-term
nmanagenent of residual radioactive contamnation left in place. No wetlands areas were
identified in the ponds by the wetlands survey conducted for the site, and concurrence with this
finding is expected fromthe USACE. If wetlands were deternmined to be present at the site, they
woul d be destroyed by this alternative; however, nmtigative neasures woul d be taken to enhance
other wetlands areas so no net |oss of wetlands would occur, thus neeting 10 CFR 1022 and 40 CFR
6 (Appendi x A).



Furthernore, followi ng renmedial construction activities at the K1407-B/ C Ponds, the K-25 Site
Envi ronnental Sites and Exterior Properties organization will (1) conduct periodic site

i nspections, radiological and industrial hygiene surveillance, and other assessment activities
as necessary to keep inactive sites in conpliance with environnental, safety, and health
requirenents, as well as naintain records of all related activities; (2) ensure that site access
and activity controls are established and maintained in conpliance with security and
environnental, safety, and health requirenments; and (3) inplenment mai ntenance activities
required as a result of site inspections, including naintenance of containment systens,
nmonitoring instrunentation, and facility support equi pnent, general area upkeep, and grounds
mai nt enance. Surveillance and mai ntenance activities for the K-1407-B/C Ponds will follow the
Surveillance and Mai ntenance Plan for |nactive ER Renedial Action Sites at the Cak Ridge K-25
Site, Cak R dge, Tennessee, K/ ER-54 (Energy Systens 1993), which describes site inspection
activities and the frequency of the site inspection.

An estimate of the capital cost for a 30-year period for each maj or conponent of Alternative 2
is presented in Table 2.19. The present worth Alternative 2 was cal cul ated using an estimated
&M cost of $50, 000/ year for 5 years and $30, 000/year for the next 25 years with an interest
rate of 7%over the entire 30-year period, resulting in a present worth of $455,000 for the
annual i zed &M in 1991 dol | ars.

For the purpose of cost estination, present worth was cal cul ated for a 30-year period for
Alternative 2. However, the use of this 30-year period does not infer that the site wll
necessarily be suitable for release frominstitutional controls at the end of that period. It
is recogni zed that institutional controls, consisting of the use of physical barriers, |ega
restrictions, or both, will remain as |Iong as unacceptable risks exist at the site
Institutional controls nmay be required at the site for a period substantially |onger than 30
years.

STATUTCORY DETERM NATI ONS

Under its legal authority, DOE's prinmary responsibility at CERCLA sites is to undertake renedi a
actions that achieve adequate protection of human health and the environnent. CERCLA Sect. 121
establishes this criterion and other statutory requirenents and preferences for the selection of
remedial alternatives. Aside fromthe nandate to protect human health and the environnent,

sel ected renedial actions nmust (1) conply with applicable or relevant and appropriate
environnental standards established under federal and state environnental |aws unless a
statutory waiver is justified, (2) be cost-effective, (3) utilize pernmanent sol utions and
alternative treatnent or resource recovery technol ogies to the naxi rumextent practical, and (4)
satisfy the preference for renedies that enploy treatnents that permanently and significantly
reduce the volune, toxicity, or nobility of hazardous wastes as their principal elenents.

Protection of Hunman Health and the Environment

The selected renedy will reduce risk to the general plant enployee and the on-site worker at the
K-1407-B/ C Ponds by effectively elimnating all exposure pathways to these receptors. The

i ngestion of w nd-generated dust, dermal contact w th wi nd-generated dust, inhalation of

wi nd- generat ed dust, external exposure to radiation in dust, and direct exposure to ionizing
radi ation pathways will be elimnated, thereby elimnating all risks associated with these
pathways. The elimnation of these pathways is achi eved by physically confining residua

contami nation and shielding potential receptors fromionizing radiation in pond soils. Once
Alternative 2 is inplenented, the |l evel of exposure to a hunan receptor woul d be no greater than
background conditions.



The inplenmentation of Aliternative 2 will further elimnate the pathways of ingestion of soil
dermal contact with soil, and ingestion of honegrown produce, which are considered conpleted for
the hypothetical future on-site resident. Therefore, once Alternative 2 is inplenented, the

| evel of exposure to the hypothetical on-site resident at surface conditions would be the sane
as for the on-site worker and general plant enployee, i.e., equal to background conditions.

Al t hough the residual contaminants will remain in place, it will be virtually inpossible for any
person in the future to reestablish baseline conditions at the ponds in the attenpt of
establ i shing a residence at the site. However, because the continued presence of contam nation
on-site represents a potential threat, institutional controls at the site will be nmintained as
a conponent of this alternative to provi de added protection

Because this renedial alternative does not address groundwater contam nation, risks associated
with the potential exposure pathways for the hypothetical future on-site resident of ingestion
of groundwater, dermal contact w th groundwater while showering, and inhalation of volatiles
whil e showering will not be reduced. The analysis of historical groundwater data conducted as
part of the R indicates that there is not a significant potential for migration of contam nants
fromthe pond soils into groundwater at the site, with the exception of [99]Tc. This concl usion
is supported by groundwater nobdeling conducted to augnent the analysis of historical data
Techneti unm®9, the beta-emtting radionuclide with the greatest level of activity in the
K-1407-B/ C Pond soils, is highly nmobile in the soil colum and has been detected i n groundwater
nmoni toring wells downgradient fromthe K-1407-B Pond. However, risk associated with groundwater
pat hways for [99] Tc for even the conservative on-site resident scenario are bel ow the EPA
unacceptable range (1 x 10[-4]) at 3 x 10[-5]. Furthernore, [99]Tc in groundwater, along with
many ot her groundwater contam nants, has shown a trend of steadily decreasing concentrations
subsequent to the renoval of sludge fromthe ponds. Therefore, the potential for mgration of
contami nants frompond soils to groundwater is limted, and risks associated w th groundwater
exposure pathways at the site do not currently pose a threat to hunman health or the environnent.
The remedi ati on of groundwater contam nation and the reduction of risks from associ ated exposure
pathways will be addressed under the K-25 Groundwater QU RI/FS

Alternative 2 will also be protective of the environment. Backfilling the ponds will elimnate
contact with the contam nated pond soils by plants and aninmals. Plants will receive direct
benefit fromthis renedy in that pond soils that are potentially phytotoxic due to the netals
content will be below the root zones of nost plants. Animals will be protected from

contam nant uptake in their diet because plant foods will not be contam nated. Furthernore,
animals will be less likely to burrow into contam nated pond soils when those soils are covered
by a considerable barrier of clean fill material. Therefore, nondietary exposure pathways for
animals will be elimnated. The potential for burrowing to the | evel of contam nated pond soils
is further reduced at the K-1407-B Pond where a rock fill sub-grade will be enpl aned.

Subsequent to the inplenentation of Alternative 2, exposure to site risks will fall below the
EPA range of concern of 1 x 10[-6] for carcinogenic risks and bel ow a hazard index of 1 for nO\
CARCINOGENI C toxicity. The inplenentation of this alternative does not pose significant
short-termrisks to renediati on workers; there is no direct risk to the community; and there is
little potential for negative cross-nedia inpacts. During and after construction, the
foundati on of the ponds could undergo limted consolidation and settlement. The overburden

i nposed by the weight of the fill would conpress subsoils of the ponds, possibly causing pore
water to spread. This could cause a tenporary increase in contam nation of surface water in the
i mpoundnents. The rel ease of contam nated pore water could al so cause a tenporary increase in
contaminant mgration in the groundwater. However, any increase in contamination of surface or
groundwater is expected to be tenporary and limted to the i mmedi ate pond areas and shoul d pose
no significant threat to human health or the environnent. Therefore, the inplenentation of
Alternative 2 generates no unacceptable shorttermrisks or cross-nedia inpacts



Conpl i ance with ARARs

Alternative 2 will conply with all the ARARs and TBCs. Table 2.20 provides a summary of the
ARARs and TBCs pertinent to the renedial action at the K-1407-B/ C Ponds.

The sel ected renmedial action nmeets the exposure linmts of DOE Order 5400.5, "Radiation
Protection of the Public and the Environment," which is TBC for this renmedial action, and it

al so neets DCE Order 5400.5, Chapters Il and 1V, and DOE Order 5820.2A, which address |ong-term
managenent of residual radiological contamnation left in place. However, the K-1407-B/ C Ponds
will be revisited by DOE or its successor with regard to residual radiological contam nation if
uncondi tional release of the property becones a possibility in the future, and any property
transfer will follow the procedure outlined in the FFA (DCE 1992d), Sect. XLIII, Property
Transfer.

No adverse inpact to the floodplain will occur. RCRA clean closure will be achi eved by

inpl enenting the selected renmedial action. Certification of clean closure will be conpl eted
before remedial activities are inplenented at the site. During construction, nmeasures wll be
taken to control stormmater runoff, fugitive dust em ssions, and exposure to on-site workers as
required by federal and state law. No wetlands areas were identified in the ponds by the
wet | ands survey conducted for the site, and concurrence with this finding is expected fromthe
USACE. If wetlands were determned to be present at the site, they would be destroyed by this
alternative; however, mtigative neasures would be taken to enhance other wetlands areas

so no net |oss of wetlands would occur, thus neeting 10 CFR 1022 and 40 CFR 6 (Appendi x A).

Cost Effectiveness

The remedy covering the K-1407-B/C Ponds will remain in place for long-termcontrol of

radi oactive and chem cal contam nants. The use of rock in the K-1407-B Pond and soil in the
K-1407-C Pond as fill material will provide control of exposure and contam nant mgration by
using a technology that is cost-effective in conparison to other technol ogi es and techni ques
proposed in the remai ning alternatives

The $4.5 mllion cost estimate for Alternative 2 represents the nost cost-effective action
alternative evaluated. Alternative 3 is not as well suited for the K-1407-B Pond, where the
rock fill is needed to facilitate construction activities and reduce the potential for
cross-nedia inpact. Alternatives 3, 4, and 5 offer reduction in infiltration of surface water
conpared to Alternative 2; however, there is little significant mgration of contamnants in the
groundwater at the site fromthe pond soils. A decrease in surface water infiltration would be
of little advantage at the K1407-B Pond where nost of the contanminants are bel ow the water

table. Because the potential for |eaching of contaminants fromthe pond soils is limted, there
is no appreci abl e advantage to be gained by the added cost of these alternatives. Alternative 6
woul d renove all residual contamnants fromthe site, but its inplenentati on would create health
and financial liabilities associated with the renoval, handling, and | ong-term nai nt enance of
the waste and woul d represent a significant increase in cost.

The increased costs of Alternatives 3 through 6 conpared to Alternative 2 do not correlate to a
commensurate increase in protection, permanence, effectiveness, or other advantages to justify
the increase in cost. The safeguards provided by Alternative 2 conply with avail abl e gui del i nes
to protect hunman health and the environment in a cost-effective manner

Use of Pernmanent Sol utions and Treatnent Technol ogi es

Alternative 2 provides a solution to existing and potential threats posed by contam nants in the
K-1407-B/ C Pond soils. Al exposure pathways to contam nants in the pond soils and the



associated risks will be effectively elimnated by the inplenmentation of the remedy. Al though
residual contamination will remain in place at the site, it will not pose a risk to hunan health
and the environnent because of the isolation of contam nants and the shielding of exposure to
direct ionizing radiation. The inplenentation of Alternative 2 will nmake it virtually
inpossible to reestablish baseline conditions at the site in the future in an attenpt of
establ i shing residency. Therefore, the renedy has a high degree of effectiveness even for the
nost conservative risk scenario, the hypothetical on-site resident.

Alternative 2 does not address groundwater contamination at the site; groundwater contam nation
wi Il be addressed under the K-25 QU Groundwater RI/FS. However, the potential for contani nant
nobi lity by | eaching and mgration of contam nants frompond soils into groundwater at the site
is very limted, and there is currently no risk posed to human health or the environnment by
groundwat er exposure pathways. Renediation will reduce the nobility of soil contam nants by
elimnating transport by air or surface water. The toxicity of residual soil contam nation will
not be reduced, but risk will be reduced by elimnating all existing exposure pathways
Alternative 6 would renove all contam nants fromthe site but would result in risks associated
with renmoval, handling, and |ong-term storage of waste by-products.

Because there is no effective treatnent for residual radiological contam nation such as found in
the pond soils, Alternative 6 would not reduce the toxicity; instead, the volune of waste woul d
be significantly increased. Although nmobility mght potentially be decreased, the waste

by- product from excavation and treatnent woul d be above ground, and any failure in long-term
nmanagenent could result in an eventual increase of contami nation migration. Because of the

consi derabl e technical and | ogistical problens associated with renmoval and treatnent and because
of the considerable cost, this alternative is not viable.

Alternative 2 utilizes permanent solutions and treatnent technol ogies to the naxi mum extent
practicable. Because treatnment of the principal threats at the site is not practicable
nmanagenent of in situ residues is a nore appropriate renedy at this site. Furthernore, this
remedy is easily inplenented, cost-effective, and presents no short-termunacceptable risks to
human health or the environnent. Based on its advantages and cost effectiveness, Aternative 2
represents the best bal ance of trade-offs for renediation of the K1407-B/ C Ponds.

Preference for Treatnment as a Principal Elenent

The principal threats to human health and the environment to current and potential receptors at
the K-1407-B/ C Ponds site are posed by residual netals and radiol ogical contam nation in the
pond soils and by contaminants in groundwater. Al visible traces of sludge (the origina
contami nant source at the site) and associated soil were renoved under RCRA closure activities
conduct ed between 1987 and 1989. The contami nation renmaining in the pond soils represents

resi dual contami nation that mgrated fromthe sludges into underlying soil prior to sludge
renoval . Because treatnent of the principal threats at the site is not practicable, this renedy
does not satisfy the statutory preference for treatment as a principal elenent. Current

t echnol ogy does not offer neans to effectively treat residual radiol ogical contam nati on such as
that found at the K-1407-B/ C Ponds site. Therefore, nmanagenent of in situ residues is a nore
appropriate renedy at this site

The inplementation of the selected renedy will effectively elimnate all current and potentia
exposure pathways and associated risks at the site except for groundwater pathways; groundwater
will be renedi ated under the K-25 G oundwater OQU. However, because residual contam nation will
remain on-site, institutional controls, re-openers, and contingencies to ensure the renmedy
remai ns effective, to be agreed upon with the state, will be inplenented. For exanple, under
DOE Order 5400.5 the selected renedy is considered a restricted closure. Therefore, if in the
future unconditional release of the site becones a possibility, DCE (or its successor) shal



conduct a review of the renedy and current site conditions prior to transfer of the K-25 Site
fromDCE (or its successor) to another person or entity, and any property transfer will follow
the procedure outlined in the FFA (DCE 1992d), Sect. XLIII, Property Transfer.

Additionally, because this renedy will result in hazardous substances renai ning on-site above
heal t h-based levels, a revieww |l be conducted every 5 years, beginning within 5 years after
comrencenent of the renedial action, to ensure that the renedy continues to provi de adequate

protection of human health and the environnment in accordance with CERCLA 121(c). This review
wi Il be augnented by data avail abl e from post-renedi ati on groundwater nonitoring at the site.

EXPLANATI ON CF S| GNI FI CANT CHANGES

The Proposed Plan for the K-1407-B/ C Ponds (DCE 1992c) was rel eased for public comment in
February 1993. It identified Alternative 2, Engineered Rock Fill, as the K-1407-B/ C Ponds
preferred alternative. No witten or verbal comments were subnmitted during the public coment
period. Accordingly, it was determ ned that no significant changes to the renedy, as it was
originally identified in the Proposed Plan, were necessary.



PART 3. RESPONSI VENESS SUMVARY
COVMUNI TY PREFERENCES

The Proposed Plan for the K-1407-B/ C Ponds (DCE 1992c) renedial action was released to the
public on February 3, 1993. The renedial action described in the Proposed Plan is intended to
reduce the potential threats to human health and the environnment posed by the radiol ogical and
chem cal hazards associated with the contam nated soils renmaining in the K-1407-B Hol di ng Pond
and the K-1407-C Retention Basin, and to prevent the spread of contam nation. The najor
conponent of the renmedial action is isolation and shielding provide by filling the ponds.

No comments were received during the public comment period. Based on the absence of public
comrent, it is assunmed that the public is in favor of the proposed solution. Accordingly, the
preferred alternative has been selected for renmedial action at the K-1407-B/ C Ponds as presented
in the Proposed Pl an.

| NTEGRATI ON CF COMMVENTS

The Proposed Plan for the K-1407-B/ C Ponds (DCE 1992c) renedial action was released to the
public in February 1993 by inclusion in the Adm nistrative Record maintained at the IRC in Qak
Ri dge, Tennessee. The Notice of Availability of the Proposed Pl an was published in the Qak

Ri dger on February 2, 1993; in the Knoxville News Sentinel on January 31, 1993; and in

the Roane County News on February 2, 1993. A public conmrent period was held from February 3
through March 4, 1993. The opportunity for a public nmeeting was offered in the Notice of

Avail ability published in the newspapers. No comments were received fromthe public.

The public at | arge has been involved in the general environnental restoration of DOE s
facilities on the ORR through various activities on many occasions. The contami nation of the
K-1407-B/ C Ponds has raised little interest in the community at |arge because of the isolated
location and restricted access to this area.

Summary of Comments Recei ved and Agency Responses

No public comments were received during the public conmrent period

Remai ni ng Concerns

At the end of the public coment period, no other concerns had been raised by the community.
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